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ABSTRACT 

This document presents the findings of an extensive study of the steam 
electric power generating point source category for the purpose of 
developing effluent limitations guidelines, standards of performance for 
new sources, and pretreatment standards for the industry in compliance 
with and to implement sections 304, 306 and 307 of the Federal Water 
Pollution Control Act Amendments of 1972. 

Effluent limitation guidelines contained herein set forth as mandated by 
the "Act": 

(1) The degree of effluent reduction attainable through the 
application of the "best practicable control technology currently 
available" which must be achieved by nonnew point sources by no 
later than July 1, 1977. 

(2) The degree of effluent reduction attainable through the 
application of the "best available technology economically 
achievable" which must be achieved by nonnew point sources by no 
later than July 1, 1983. 

The standards of performance for new 
the degree of effluent reduction 
application of the "!:est available 
process, operating methods, or other 

sources contained herein set forth 
which is achievable through the 
demonstrated control technology, 

alternatives." 

This report contains findings, conclusions and recommendations on 
control and treatment technology relating to chemical wastes and thermal 
discharges from steam electric powerplants. supporting data and 
rationale for development of the proposed effluent limitations 
guidelines and standards of performance are contained herein. 
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SECTION I 

CONCLUSIONS 

For the purpose of establishing effluent limitations guidelines and 
standards of performance for steam electric powerplants, it has been 
found that separate consideration must be given to effluent heat and to 
pollutants other than heat, and these are therefore discussed in 
separate parts of this report. 

Informal categories for establishing guidelines for pollutants other 
than heat (chemical-type wastes) have been based on the types of waste 
streams generated in each plant, which in turn are dependent on fuels 
used, processes employed, plant site characteristics and waste control 
technologies. Categories for chemical-type wastes include wastes from 
the water treatment system, power cycle system, ash handling system, air 
pollution control system, coal pile, yard and floor drainage, condenser 
cooling system and miscellaneous wastes. 

Informal categories for guidelines for effluent heat (thermal 
discharges) include a basic division of the industry by degree of 
utilization into base-load, cycling and peaking units. Additional 
subcategorizations are based on age and size of facilities. 

A survey of current industry practices has indicated that many plants 
provide only minimal treatment of chemical type wastes at the present 
time, although some cf the more recently constructed plants employ 
elaborate re-use and recycle systems as a means of water management. 
Current industry practice as far as thermal discharges are concerned is 
that they have been successfully controlled where required by 
environmental considerations or at sites where the lack of sufficient 
naturally available cooling water made once-through cooling systems 
impractical. 

Current treatment and control technology in the general field of waste 
treatment includes many processes which could be applied by powerplants 
to reduce the discharge of chemical pollutants. It is therefore 
concluded that best practicable control technology currently available 
to be applied no later than July 1, 1977, consists of the control and 
treatment of chemical-type wastes to achieve significant reductions in 
the level of pollutants discharged from existing sources. It is also 
concluded that best available technology economically achievable to be 
applied no later than July 1, 1983, for chemical-type wastes is 
reflected by no discharge of pollutants, other than from cooling water 
systems, storm water run-off, sanitary waste systems, and low-level 
radwaste systems. No discharge is achievable through the application of 
an integrated system of water management which provides for the multiple 
re-use of water in uses having descendingly stringent water quality 
requirements. Standards of performance for new sources will provide for 
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essentially the same effluent levels as best pr~ctical control 
technology currently available to due the immediate technical risks of 
applying be.st available technology. 

For thermal effluents, it is concluded that technology is currently 
available and is widely utilized in the industry to achieve any desired 
or necessary degree of reduction of the thermal component of powerplant 
discharges, including essentially the complete elimination of thermal 
discharges. The technological basis for best practicable control 
technology currently available, best available technology economically 
achievable, and new source performance standards consist of closed-cycle 
evaporative cooling systems such as mechanical and natural draft cooling 
towers and cooling ponds, lakes and canals. 

The designation of specific control and/or treatment as best practicable 
control teclmology currently available, best available technology 
economically achievable, or as the basis for new source standards for 
both chemical and thermal discharges is intended to satisfy sections 
301, 304 and 306 of the Act. Technology so designated provides the 
basis for establishment of thermal and chemical effluent limitations 
guidelines and standards, in that the technology selected is available 
and capable of meeting the recommended guidelines. However, the 
designation of specific technology as "best practicable and standards", 
etc., does not mean that it alone must be utilized to meet the effluent 
limitations. Any technology capable of meeting the guidelines may be 
employed by any powerplant so long as the effluent limitations are 
achieved. 
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SECTION II 

RECOMMENDATIONS 

As a result of the findings and conclusions contained in this report, 
the effluent limitations guidelines and standards of performance 
recommended for the steam electric power generating point source 
category, in compliance with the mandates of the Federal Water Pollution 
Control Act Amendments of 1972, are summarized in Tables II-1 and II-2. 
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Table II-1 

SUMMARY EFFLUENT LIMITATIONS GUIDELINES AND STANDARDS FOR POLLUTANTS OI'HER THAN HEAT 

SOURCE 

Nonrecirculating coOling water systems 

Recirculating cooling water systems 

Nonrecirculating ash sluicing systems 

Nonrecirculating wet-scrubber air 
pollution control systems 

Low-volume waste sources taken 
collectively, as if from one source 

Rainfall runoff taken collectively, 
as if from one sdurce 

Sanitary wastes 

Radwastes 

Clarification water treatment 

Softening water treatment 

Transformers 

Intake screens 

Recirculating ash sluicing systems for 
flv ash or oil hot+om ~sh 

POLLUTANTS 

Chemical additives (biocides) 
Chlorine-free available 
Chlorine-total residual 

Chemical additives (corrosion inhibitors) 
Chlorine-free available 
Chlorine-total residual 
Chromium-total 
Oil and grease 
pH value 
Total phosphorus (as P) 
Total suspended (nonfilterable) solids 
Zinc-total 

Oil and grease 
pH value 
Total suspended (nonfilterable) solids 

Oil and grease 
pH value 
Total suspended (nonfilterable) solids 

Copper-total 
Iron-total 
Oil and grease 
pH value 
Total suspended (nonfilterable) solids 

Oil and grease 
pH value 
Total suspended (nonfilterable) solids 

All pollutants 

All pollutants 

All pollutants 

All pollutants 

Polychlorinated biphenyls 

Debris 

All pollutants 

EFFLUENT LIMITATIONS* 

BPCTCA (1977) 

No limitation 
0.2 (0.5 max)~-* 
No limitation 

No limitation 
0.2 (0.5 max)** 
No limitation 
No limitation 

10 
6.0 to 9.0 

No limitation 
15 (100 max)*** 
No limitation 

10 
6.0 to 9.0 

15 (100 max)*** 

10 
6.o to 9.0 

15 (100 max)*** 

l 
1 

10 (20 max)### 
6.0 to 9.0 

15 (100 max) 

10 (20 max)## 
6.0 to 9.0 

15 ilOO max) ## 

Municipal stds. 

No limitation 

No discharge 

No discharge 

No discharge 

No discharge 

BATEi\. (1983) 

No limitation 
0.2 (0.5 max)** 
No limitation 

No limitation 
·'Na limitation 
No discharge 

0.2 
10 
6.0 to 9.0 

5 
15 ( 100 max) 

1 

No discharge 

No discharge 

No discharge 

No discharge 

No discharge 
No discharge 
No discharge 
No discharge 

No discharge 

10 (20 max)+ 

15 6 C~o;0rn!~~+ 
Municipal stds. 

No limitation 

No discharge 

No discharge 

No discharge 

No discharge 

New Sources 

Approx. no discharge: 
Approx. no discharg~ 
Approx. no discharge 

No discharge 
0.2 (0.5 max)*** 
No limitation 
No discharge 

10 
6.0 to 9.0 

No discharge 
15 (100 max)*** 
No discharge 

No discharge 

No discharge 

10 
6.0 to 9.0 

15 (100 max) 

1 

1 ### 
10 (20 max) 
6.0 to 9.0 

15 (100 max) 

10 ( 20 max)## 
6.0 to 9~ 

15 (100 max) 

Municipal stds. 

No limitation 

No discharge 

No discharge 

No discharge 

No discharge 

No discharge 

* Note: Numbers are concentrations, mg/l, except for pH values. Effluent limitations, except where otherwise indicated, are monthly averages of daily 
amounts, mg, to be determined by the concentration shown and the flow of waste water from the source in question. In some cases there are lim­
itations shown on the maximum amount for any day. Where waste waters from one source with effluent limitations for a particular pollutant are 
combined with other waste waters, the effluent limitation, mg (or mg/l), for the particular pollutant, excluding pH, for the combined stream 
shall be the sum of the effluent limitations (for concent~ation limits apply appropriate dilution factors) for each of the streams which contri­
bute to the combined stream except that the actual amount, mg (or mg/l), of the pollutant in a contributing stream will be used in place of the 
effluent limitation for those contributing streams where the actual amount, mg (or mg/l), of the pollutant is less than the effluent limitation, 
mg (or mg/l), for the contributing stream. The pH value should be in the range given at all times. 

** Note: Effluent limitations are average concentrations during a maximum of one 2-hour period a day and maximum concentrations at any time. No more than 
one unit at a plant may be chlorinated at any time. Limitations are subject to case-by-case variances it higher levels or more-iengntny perioas 
are needed for condenser tube cleanliness. 

*** Note: Or influent amounts, mg, to that source in the same day, whichever is the greater. 

# Note: No discharge of chlorine or other biocides used for biological control in condenser tubes. 

##; Note: Effluent limitations are average concentrations during the time span of each runoff event and maximum concentrations at any time. 

### Note: Average is amount, mg, and maximum is concentration, mg/l. 
+ Note: Same as ## except that limitations apply separately to (1) the segregated first 15 minutes of runoff from any rainfall event, and (2) the 

remainder of the rainfall runoff from any rainfall event. 
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Table II-2 

SUMMARY OF EFFLUENT LIMITATIONS GUIDELINES AND STANDARDS FOR HEAT 

TYPE OF UNIT 

IARGE BASE-LOAD 

Construction-completed 
after July 1, 1977 

Construction completed 
before July 1, 1977 

• 500 MW and larger 

• 300-499 MW 

• all other 

SMALL BASE-LOAD 

CYCLIC 

PEAKING 

BEST PRACTICABLE CONTROL 
TECHNOLOOY CURRENTLY AVAILABLE 

to be met no later than 
July 1, 1977 

NO DISCHARGE 

NO LIMITATIO:r;;I 
NO LIMITATION 
NO LIMITATION 

NO LIMITATION 

NO LIMITATION 

NO LIMITATION 

BEST AVAIIABLE TECHNOLOGY 
ECONOMICALLY ACHIEVABLE 
to be met no later than 

( ........ ) 

NO DISCHARGE (July 1 1 1980) 

NO DISCHARGE (July 1, 1978) 
NO DISCHARGE (July 1, 1979) 
NO DISCHARGE (July 1, 1980) 

NO DISCHARGE (July 1, 1983) 

NO DISCHARGE (July 1, 1983) . 
NO DISCHARGE (July 1, 1983) 

Large means units in plants over 25 MW and in systems over 150 MW. 
No limitation for any unit with a remaining service life of six years or less. 
No limitation on once-through house service water for nuclear ~nits. 
No discharge excludes blowdown,which is limited to a temperature not exceeding the 

temperature of water returned to the condenser. 
Variations can be granted on a case-by-case basis where sufficient land is not available 

and (for best practicable control technology currently available, only) where 
neighboring land uses would be impacted by saltwater drift, provided (for both land 
availability and saltwater drift) alternative technologies are not practicable. 

STANDARD OF PERFORMANCE FOR NEW SOURCES IS NO DISCHARGE OF HEAT (EXCEPT FOR BLCMDCMN) 
FOR ALL UNITS, WITHOtJr EXCEPTION 



SECTION III 

INTRODUCTION 

The involvement of the Federal Government in water pollution control 
dates back to 1948, when Congress enacted the first comprehensive 
measure aimed specifically at this problem. At that time the surgeon 
General, through the u. s. Public Health Service, was authorized to 
assist states in various ways to attack the problem. The emergence of a 
national water polluticn ccntrol program came about with the enactment 
of the Water Pollution Control Act of 1956 (Public Law 84-660) which to 
this date remains the basic law governing water pollution. This law set 
up the basic system cf technical and financial assistance to states and 
municipalities, and established enforcement procedures by which the 
Federal Government could initiate legal steps against polluters. 

The present program dates back to the Water Quality Act of 1965 and the 
Clean Water Restoraticn Act of 1966. Under the 1965 Act, the states 
were required to adoft water quality standards for interstate waters, 
and to submit to the Federal Government, for approval, plans to 
implement and enforce these standards. The 1966 Act authorized massive 
Federal participation in the construction of sewage treatment plants. 
An amendment, the Water Quality Act of 1970, extended Federal activities 
into such areas as pollution by oil, hazardous substances, sewage from 
vessels, and mine drainage. 

Originally, pollution central activities were the responsibility of the 
u. s. Public Health Service. In 1961, the Federal Water Pollution 
Control Administration (FWPCA) was created in the Department of Health, 
Education, and Welfare, and in 1966, the FWPCA was transferred to the 
Department of the Interior. The name was changed in early 1970 to the 
Federal water Quality Administration and in December 1970, the 
Environmental Protection Agency (EPA) was created by Executive Order as 
an independent agency outside the Department of the Interior. Also by 
Executive Order 11574 on December 23, 1970, President Richard M. Nixon 
established the Permit Program, requiring all industries to obtain 
permits for the discharge of wastes into navigable waters or their 
tributaries under the provisions of the 1899 River and Harbor Act 
(Refuse Act). The permit frogram immediately became involved in legal 
problems resulting eventually in a ruling by a Federal court that 
effectively stopped the issuance of a significant number of permits, but 
it did result in the filing with EPA, through the u.s. Army corps of 
Engineers, of applications for permits which, without doubt, represent 
the most complete inventory of industrial waste discharges yet compiled. 
The granting of a permit under the Refuse Act was dependent on the 
discharge being able to meet applicable water quality standards. 
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Although EPA could not specify methcds of treatment, they could require 
minimum effluent levels necessary to meet water quality standards. 

The Federal Water Pollution Control Act Amendments of 1972 (the "Act") 
made a number of fundamental changes in the approach to achieving clean 
water. One of the most significant changes was from a reliance on water 
quantity related effluent limitations to a direct control of effluents 
through the establishment of technology-based effluent guidelines to 
form an additional basis, as a minimum, for issuance of discharge 
permits. The permit frogram under the 1899 Refuse Act was placed under 
full control of EPA, with much of the responsibility to be delegated to 
the States. 

furp~~-fil:!ihori,ty 

The Act requires the EPA to establish guidelines for technology-based 
effluent limitations which must be achieved by point sources of 
discharges into the navigable waters of the United States. Section 
30l(b) of the Act requires the achievement by not later than July 1, 
1977, of effluent limitations for point sources, other than publicly 
owned treatment works, which are cased on the application of the best 
practicable control technology currently available as defined by the 
Administrator pursuant to section 304(b) of the Act. Section 30l(b) 
also requires the achievement by not later than July 1, 1983, of 
effluent limitations for point sources, other than publicly owned 
treatment works, which are based on the application of the best 
available technology economically achievable which will result in 
reasonable further progress toward the national goal of eliminating the 
discharge of all pollutants, as determined in accordance with 
regulations issued by the Administrator pursuant to Section 304(b) of 
the Act. section 306 of the Act requires the achievement by new sources 
of a Federal standard of performance froviding for the control of the 
discharge of pollutants which reflects the greatest degree of effluent 
reduction which the Administrator determines to be achievable through 
the application of the best available demonstrated control technology, 
processes, operating methods, or other alternatives, including, where 
practicable, a standard permitting no discharge of pollutants. Section 
304(b) of the Act requires the Administrator to publish within one year 
of enactment of the Act, regulations froviding guidelines for effluent 
limitations setting forth the degree of effluent reduction attainable 
through the applicaticn of the best practicable control technology 
currently available and the degree of effluent reduction attainable 
through the applicaticn of the best control measures and practices 
achievable including treatment techniques, process and procedure 
innovations, operation methods and other alternatives. The regulations 
proposed herein set forth effluent limitations guidelines pursuant to 
section 304(b) of the Act for the steam electric powerplant industry. 

Section 306 of the Act requires the Administrator, within one year after 
a category of sources is included in a list published pursuant to 
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Section 306 (b) (1) (A) of the Act. to propose regulations establishing 
Federal standards of performances for new sources within such 
categories. The Administrator published in the Federal Register of 
January 16. 1973 (38 F.R. 1624), a list of 27 source categories. 
Publication of the list constituted announcement of the Administrator's 
intention of establishing, under section 306, standards of performance 
applicable to new sources within the steam electric powerplants industry 
category, which was included within the list published January 16, 1973. 
see Table III-1 for a summary of the principal statutory considerations. 

section 316(a) of the Act provides that whenever the owner or operator 
of any point source can demonstrate to the satisfaction of the 
Administrator that any effluent limitation proposed for the control of 
the thermal component of any discharge will require more stringent 
control measures than are necessary to assure the protection and 
propagation of a balance·d, indigenous population of shellfish, fish and 
wildlife in and on the body of water into which the discharge is to be 
made the Administratcr may impose less stringent limitations with 
respect to the thermal component, (taking into account the interaction 
of such thermal component with other pollutants) that will assure the 
protection and propagation of a balanced, indigenous population of 
shellfish, fish. and wildlife in and on that body of water. 

The Act defines a new source to mean any source, the construction of 
which is commenced afte~ the publication of proposed regulations 
prescribing a standard of performance. Construction means any 
placement. assembly. or installation of facilities or equipment 
(including contractuai obligations to purchase such facilities or 
equipment) at the premises ehere such equipment will be used, including 
preparation work at such premises. 

scope of work and Te£rn~~Approach 

This document was developed, specifically, for effluent discharge from 
steam electric powerplants covered under standard Industrial 
Classification 1972 Industry Nos. 4911, 4931, and 4932, relating to 
liquid discharges to navigable waters of the United states. The study 
was limited to powerplants comprising the electric utility industry. and 
did not include steam electric powerplants in industrial, commercial or 
other facilities. Electric generating facilities other than steam 
electric. such as combustion gas turbines, diesel engines. etc. are 
included to the extent that power generated by the establishment in 
question is primary through steam electric processes. 

This report covers effluents from both fossil-fueled and nuclear plants 
and excludes the radiclogical aspects of effluents. 

The Act requires that in developing effluent limitations guidelines and 
standards of performance for a given industry, certain factors must be 
considered. such as the total cost of the application of technology in 
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...... 
0 

STATUTORY 
BASIS 

Best Practicable 
Control Technology 
Currently Available 

304(b) (1) (A) 

[Existing Sources] 

Best Available 
Technology 
Economically 
Achievable 

304(b) (1) (B) 

[Existing Sources] 

Standards of 
Performance Best 
Available 
Demonstrated Con­
trol Technology 

306 
[New Sources] 

Table III-1 

PRINCIPAL S~ATUTORY CONSIDERATIONS 

General Description 

1. Achieve by 1977. 
2. Generally average 
of best existing per­
formance; high con­
fidence in engineering·· 
viability. 
3. Where treatment 
uniformly inadequate 
a higher degree of 
treatment may be 
required if practic­
able [compare exist­
ing treatment of 
similar wastes]. 
1. Achieve by 1983. 
2. Generally best 
existing performance 
but may include tech­
nology which is capable 
of being designed, 
though not yet in 
place; further 
development work could 
be required. 
1. Achieved by sources 
for which "construc­
tion" commences after 
proposal of regula-
tions. 

Process Changes 

Normally does not 
emphasize in-process 
controls, except 
where presently 
commonly practiced. 

Emphasizes both 
in-process and end­
of-process control. 

Emphasizes process 
changes. 

2. Generally same 
considerations as for 1983; 
more critical analysis 
of present availability. 

Cost 

Balancing of 
total cost of 
treatment against 
effluent reduc­
tion benefits. 

Costs considered 
relative to broad 
test of reason,,. 
ableness. 

Cost considered 
relative to broad 
test of reasonable­
ness. 

Process 
Employed, Age 
& Size of Equip­
ment & Facilities-

Age, size & 
process employed 
may require 
variations in 
discharge limits 
(taking into account 
compatibility of costs 
and process technology) 

Age, size & 
process employed 
may require 
variations in 
discharge limits 
(taking into account 
compatibility of costs 
and process technology) 

N/A 

·Non Water Quality 
Environmental 
Impact & Energy 

Assess impact of 
dlternative controls 
on air, solid waste, 
noise, radiation 
and energy require­
ments. 

Assess impact of 
alternative controls 
on air, solid waste 
noise, radiation and 
energy requirements. 

Assess impact of 
alternative controls 
on air, solid waste, 
noise, radiation 
and energy require­
ments. 



relation to the effluent reduction benefits to be achieved, age of 
equipment and facilities, processes employed, engineering aspects of the 
application of varicus types of control techniques, process changes, 
non-water quality enviofnmental impact (including energy requirments) 
and other factors. For steam electric powerplants, formal segmentation 
of the industry based on all the factors mentioned in the Act has been 
found to be inapplicable. However, the two basic aspects of the 
effluents produced by the industry, chemical aspects and thermal 
aspects, were found tc involve such divergent considerations that a 
basic distinction betl!Ween guidelines for chemical wastes and thermal 
discharges was determined to be most useful in achieving tpe objectives 
of the Act. Accordingly, this report covers waste categorization, 
control and treatment technology and recommendations for effluent 
limitations for chemical and other nonthermal aspects of waste discharge 
in Part A and similar subjects for thermal aspects of discharges in Part 
B of this report considering the factors cited in the Act. 

Section 502(6) of the Act defines the term pollutant in relation to the 
discharge into water of certain materials, substances and other 
constituents of discharge. The inclusion of heat in the list of 
pollutants indicates the clear intention on the part of Congress to have 
this pollutant included in the same manner as other pollutants in the 
establishment of effluent limitation guidelines and standards of 
performance. The only recognition of heat in any special terms in the 
Act is in sections 104(t) and 316. 

Section 104(t) requires the EPA Administrator in cooperation with other 
agencies and organizations to conduct continuing comprehensive studies 
of the effects and methods of control of thermal discharges. The 
studies are to include cost-effectiveness a~alysis and total impact on 
the envircnment. The Act states that they are to be used by EPA in 
carrying out Section 316 of the Act, and by the States in establishing 
water quality standards. However it does not indicate that the studies 
are to be utilized in establishing effluent limitation guidelines and 
standards of performance. Section 316(a) does provide for individual 
variances to be granted from effluent guidelines for thermal discharges, 
where such a variance will assure the protection and propagation of a 
balanced, indigenous ~opulation of shellfish, fish and wildlife in and 
on that body of water. 

consequently, the Act requires effluent guidelines and standards of 
performance for heat to be developed in the same manner as for other 
pollutants, but also allows for individual relief from the guidelines 
and standards under section 316. In this context, this report only 
contains an evaluation of control and treatment technology for thermal 
·discharges which reduces or eliminates the amounts of heat discharged. 
Consideration of mixing zone technology is therefore not included, since 
mixing zones do not reduce the effluent heat but rely in part upon the 
dilution effect of the receiving water to decrease the overall receiving 
water temperatures to meet applicable limitations based on environmental 
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criteria. Therefore they do not qualify as a control or 
technology for the establishment of technology-based 
limitations· guidelines or standards of performance. 

treatment 
effluent 

The effluent limitations guidelines and standards of performance 
proposed herein have been developed from a detailed review of current 
practices in the steam electric powerplant industry. A critical 
examination was made of treatment methods now in use in the industry and 
methods used in other industries to achieve solutions to problems 
similar to those encountered in steam electric powerplants. As part of 
the review of current practices, applications for discharge permits 
filed in accordance with et:her provisions of the Act were examined. 
However, since these permit applications cover only the characteristics 
of the effluent with no quantification of the corresponding treatment 
practices, the value of the information obtainable from them is fairly 
limited. Also as part of this effort visits were made to 27 plants, 
with at least one plant visit to each of the ten EPA regions. Sampling 
programs were conducted at plants where it was felt that sufficient 
information could be obtained to document exemplary treatment practices. 

The economic analysis contained in this report pertain only to costs 
related to control and treatment technology for the reduction and/or 
elimination of the discharge of pollutants from steam electric 
powerplants. Benefits derived from associated costs are simply the 
reduction and/or elimination of pollutant discharges. Cost/benefit 
analysis which consider environmental effects, benefits to society, 
economic impact, etc. are beyond the scope of this report. 

In arriving at recommendations for effluent limitations guidelines and 
standards of performance, extensive use has been made of prior studies 
in this area made for EPA, in-house informati9n developed by EPA, and 
information developed by industry sources. In particular, reference was 
made to unpublished material contained in a draft report prepared by 
Freeman Laboratories, Inc., for the Water Quality Office, EPA, under 
Contract No. EPA-WQO 68-01-0032, entitled Industrial waste Studies: 
Steam Generating Plants, dated May 1971. 

Industf.Y_~scription 

Steam electric powerplants are the production facilities of the electric 
power industry. The industry also provides for the transmission and 
distribution of electric energy. The industry is made up of two 
basically distinct cwnership categories, investor-owned and publicly­
owned, with the latter further divided into Federal agencies non­
Federal agencies, and cooperatives. About two-thirds of the 3400 
systems in the United States perform only the distribution function but 
many perform all three functions, production (generally referred t~ as 
generation), transmission, and distribution. In general the larger 
systems.a7e vertically int~grated, wh~le the smaller systems: largely in 
the municipal and cooperative categories, rely on firm purchases to meet 
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all er part of their requirements. Many of the systems are 
interconnected, and can, under emergency conditions, obtain power from 
other systems. 

Historically, the industry started around 1880 with the construction of 
Edison's steam electric plant in New York City. For the next sixty 
years, growth was continuous, but unspectacular, due to the fairly 
limited demand for power. However, since 1940 the annual per capita 
production of electric energy has grown at a rate of about six percent 
per year, and the total energy consumFtion by about seven percent. In 
1970, there were about one thousand generating systems in the United 
States. These systems had a combined generating capacity of 340,000 
megawatts (MW) and ~reduced 1,530,000,000 megawatt hours (MWH) of 
energy. A breakdown of the capacity and production by ownership 
categories is given in Table III-2. 

The industry produces, transmits and distributes a single product, 
electric energy. The product is-distinguished from other products of 
the American industry by the fact that it cannot be.stored, and that the 
indrrstry must be ready tc produce at any give time all the product the 
consumer desires to utilize. While some industrial power is sold on a 
so-called "interrupti.tle" basis, the total amount sold on this basis is 
insignificant compared to the overall power consumption. As a matter of 
fact, the ability cf the ~ndustry to meet any instantaneous demand is 
the criterium for what constitutes satisfactory performance in the 
industry and is the single most significant factor in determining the 
need for new generating facilities. 

Other special considerations involved in a discussion of the industry 
relate to its role as a public utility, a monopoly, and a regulated 
industry. As a public utility, its major objective is to provide a 
public service. It rrust supply its product to all customers within its 
assigned service-area, but it cannot discriminate between customers, and 
it must supply its product to all customers within a given class at 
equal cost. As a monopoly, the industry is generally assigned a service 
area, but within that area is exempt from competition except perhaps for 
competition with other sources of energy, particularly in the industrial 
area. However, in return for the granting of a monopoly, the industry 
is required to furnish service. Thus it · cannot cease to service a 
certain area when such service appears to be unprofitable. Finally, in 
view of its position as a public utility and a monopoly, both the 
quality of service it must provide and the rates it may charge for its 
service are regulated by both State and Federal regulatory agencies. 
since the rates it is allowed to charge are a function of the cost of 
providing s~rvice, any prudent costs imposed on the industry by 
regulatory agencies will eventually be passed on to the electricity 
consumer. And since the consumer, particularly at the retail 
residential level, has very few options to the use of electricity, the 
relationship between costs and consum~tion is generally considered to be 
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Table III- 2 

SUMMARY DESCRIPTION 

ELECTRICAL POWER GENERATING INDUSTRY (YEAR 1970) 

Number of plants (stations) ••••••••••••••••• approx. 1000 

Number of generating units •••••••••••••••••• approx. 3000 
---

OWNERSHIP 
Investor 
Federal 
Public (non-Fed) 
Cooperative 

CUSTOMERS 
Residential 
Corrunercial 
Industrial 
other 

PROJECTED GRCMTH 
1970 
1980 
1990 

FUEL USED 
Coal 
Natural Gas 
Oil 
Nuclear 

COST {YEAR 1968) 
Production 
To Customers 

NUMBER OF SYSTEMS* GENERATING CAPACITY, 
250 265,000 

2 40,000 
700 35,000 

65 5.000 

NUMBER ENERGY SOLD, MWH 
55,ooo,ooo 450,000,000 
8,000,000 325,000,000 

400,000 575,000,000 

- 60.000.000 

INSTALLED CAPAC~TY, MW 
266,000 
540,000 

1.057-000 

PERCENT HEAT INPur 
54 
29 
15 

2 

mills/KWH 
7o7 

15.4 

MW* 

* Note: Includes some hydroelectric and internal combustion. 

GENERATION, 
1,180 

190 
140 

22 

106MWH* , 
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"inelastic" in the short time, that is, an increase in cost has little 
effect on the level of ccnsumption. 

The use of electric energy can be divided into three major categories: 
industrial, residential and commercial. In 1965, industrial use 
accounted for 41% cf all energy generated. Residential use accounted 
for 243 and commercial use for 18%. Another 17% of the energy generated 
was used by miscellaneous users for auxiliary operations within the 
industry or lost in transmissions. Studies by the Federal Power 
commission (FPC) indicate no change in this basic use pattern over the 
next two decades. 

On the other hand, the total amount of electric energy that will be used 
is expected to increase significantly over the next two decades. Again, 
based on studies by the FPC, it is believed that the required generating 
capacity will increase from 340,000 MW in 1970 to 665,000 MW in 1980 and 
1,260,000 MW in 1990. The industry's 1970 generating facilities would 
therefore have to be almost doubled by 1980 and again doubled by 1990. 

At the present time, steam electric powerplants, including both fossil~ 
fueled and nuclear 4 fueled plants, account for about 79% of total 
generating capacity and 83% of the total power generated. The remainder 
is accounted for by hydroelectric generation, both of the once-through 
and pumpedstorage t:ypes, and by· direct combustion-generation processes 
such as gas turbines and diesel engine driven generators. Table III-3, 
taken from reports of the FPC, shows the projected growth of generating 
capacity over the next two decades. 

Four basic fuels are used in steam electric powerplants, three fossil 
fuels-coal, natural gas and oil - and uranium, presently the basic fuel 
of nuclear power. A ~otential fuel, reclaimed refuse, is being burned 
at one experimental facility, but is not likely to have a major impact 
on the industry within the foreseeable future. Table III-4, again from 
FPC re~orts, shows the projected distribution of fuel use for steam 
electric power generaticn for the next two decades. 

Table III-5 shows the ~rojected annual fuel requirements for steam 
electric powerplants over the next two decades. See also Figure III-1 
for a graphical presentation of the projection, by the Joint Committee 
on Atomic Energy, of the u,s. energy flow pattern for 1980. Although 
their share of the total fuel use is declining, the actual use of all 
three fossil fuels is projected to continue to increase. Most 
significant is the fact that utility consumption of coal will more than 
double although coal's share of the total use will decrease from 54% to 
31%. These projections assume no major slippages in the construction of 
nuclear generating plants. Should such slippages occur, it is possible 
that coal will be called upon to assume an even greater role in meeting 
the nation's energy needs. 
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TABLE III- 3 

PROJECTED GROWTH OF UTILITY ELECTRIC GENERATING CAPACITY 
(Figures in thousands of megawatts) 

1970 (actual) 1980 1990 
% of % of % of --Tvoe of Plant Caoacitv Total Capacity Total Caoacitv Total . 

Fossil Steam 260 76 393 59 557 44 

Nuclear Steam 6 2 147 22 500 40 -- - -- - -- -
Subtotal Steam 266 78 540 81 1,057 84 

Hydroelectric-
conventional 52 15 68 10 82 6 

Hydroelectric-
pumped storage 4 1 27 4 71 6 

Gas-Turbine and Diesel 19 6 31 5 51 4 

TOTALS 

Notes: (1) 

(2} 
(3) 

- -- -- -- --
341 100 666 100 1,261 100 

These projections are keyed to the electrical energy demand projections made 
by Regional Advisory Committee studies carried out in the 1966-1969 period. 
The projections are premised on an average gross reserve margin of 20%. 
Since different types of plants are operated at different capacity factors, 
this capacity breakdown is not directly representative of share of kilowatt-hours 
production. For example, since nuclear plants are customarily used in base-load 
service and therefore operate at comparatively high capacity factors, nuclear 
power's contribution to total electricity production would be higher than its 
capacity share. 
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FPC PROJECTION OF FUEL USE IN STEAM ELECTRIC 
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Table III- 5 

FPC PROJECTED ANNUAL FUEL REQUIREMENTS FOR 
STEAM ELECTRIC POilERPLANTS 

Measure 1970 

6 
10 tons 332 

Gas 1012 cubic feet 3.6 

Fuel Oil 6 10 barrels 331 

U308 io3 
tons to diffusion 7.5 

plants without re-
cycle of plutonium 

1980 1990 

500 500 

3.8 3.8 

640 800 

41 127 
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Coal is the most abundant of the fossil fuels. Nationwide it is 
estimated that proven recoverable reserves are sufficient to supply our 
needs for the next 200 to 300 years. A problem with coal is that it 
varies in chemical rroperties and its geographic distribution does not 
coincide with the geographic distribution of the demand for electric 
energy. A primary concern is the sulfur content of the coal. Most of 
the Eastern coal is too high in sulfur content to meet the increasingly 
stringent limits on sulfur dioxide in stack gases. 

Sulfur dioxide removal systems are being employed at a number of 
powerplants. All indications are that limitations on sulfur dioxide 
emissions will substantially increase production costs in coal-burning 
powerplants. In the west, there are large deposits of low sulfur coal, 
but here the cost of either shipping the coal or transmitting electric 
energy are substantial. The possibilities of further environmental 
restrictions as much as the actual environmental regulations now in 
force has possibly resulted in the conversion of a large number of coal 
burning plants to ether forms of fossil fuel, and the construction of 
new generating facilities using less abundant but more environmentally 
acceptable fuels. 

Both natural gas and low sulfur residual oils are in short supply. The 
natural gas situation was initially felt to be more critical and some 
generating plants were being converted from natural gas to fuel oil. 
The FPC projections indicated that natural gas utilization would remain 
fairly constant and that the use of fuel oil would increase at 
approximately the same rate as the use of coal. All of these 
projections were based on the assumption that there would be no 
additional governmental actions regulating the utilization of fuels and 
that nothing would happen to affect our present heavy reliance on 
foreign sources for fuel oil. Subsequently, the fuel oil problem became 
critical, projections were altered and certain plants were considered 
for reconversion to ccal. 

Finally, the projected growth of nuclear generating capacity is 
dependent in the short run on the discovery of additional deposits of 
low-cost uranium and the construction of additional ore processing 
facilities. In the lcng rW1, it is dependent on the successful 
development and use of breeder reactor systems. The United States may 
have a full-scale breeder plant in operation in the 1980's. 

In summary, this report deals with the setting of effluent guidelines 
for an industry with many complex aspects. It is a public utility and 
therefore is regulated both as to the quality of its service and the 
rates it can charge for the service. While regulation limits the rates 
it can charge, it alsc insures that any prudently increased costs will 
eventu~l~y ~e pass~d on .to the retail customer. Except for some 
competition in the industrial use of electricity, there is little 
competition for the use of its product. On the other hand the industry 
itself has little mobility. A powerplant generally cannot be moved and 
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a generating unit can be shut down only when an equivalent unit has been 
provided. Since its ~reduct cannot be stored and must be produced to 
meet a fluctuating demand, much of its capacity is used only part time. 
With suitable sites near the centers of demand largely used up, it has 
to go further and further from its demand to obtain satisfactory 
generating sites, and even then is often encountering pressure from 
environmental groups o~posed to the construction of the new facilities. 
Generally, the slip~ge in the schedules for new powerplants is 
requiring the industry to continue to operate some of the older, less 
efficient, and perhaps less environmentally acceptable plants. 
Amplification of the "energy crisis" has evoked considerable attention, 
constraints, and changes in the industry. In addition to some shifts in 
fuel and fuel costs, reduced projections for the demand for electricity 
have caused at least one major system to announce a slowdown in planned 
expansion resulting in the delay in construction of two large generating 
units. 

The setting of effluent standards for steam electric powerplants has 
therefore involved a large number of complex factors, many of which do 
not apply to a conventional manufacturing industry producing a non­
perishable, transportable product in a competitive market. 

Process ~cription 

The "production" of electrical energy always involves the utilization 
and conversion of some other form of energy. 

The three most important sources of energy which are converted to 
electric energy are the gravitational potential energy of water, the 
atomic energy of nuclear fuels, and the chemical energy of fossil fuels. 
The utilization of water power involves the transformation of one form 
of mechanical energy into another prior to conversion to electrical 
energy, and can be accomplished at greater than 90 percent of 
theoretical efficiency. Therefore, hydroelectric power generation 
involves only a minimal amount of waste heat production due to 
conversion inefficiencies. Present day methods of utilizing the energy 
of fossil fuels, on the other hand, are based on a combustion process, 
followed by steam generation to convert the heat first into mechanical 
energy and then to convert the mechanical energy into electrical energy. 
Nuclear processes as generally utilized also depend on the conversion of 
thermal energy (heat) to mechanical energy via a steam cycle. Although 
progress in powerplant development has been rapid, a large part of the 
energy released by the fuel as heat at a high temperature level, in even 
the most efficient plants, is not converted to useful electrical energy, 
but is exhausted as heat at a lower temperature level. This is due to 
the second law of thermodynamics which rests an experimental evidence. 

Where a water-steam cycle is used to convert heat to work, the maximum 
theoretical efficiency that can be obtained is limited by the 
temperatures at which the heat can be absorbed by the steam and 
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discarded to the environment. The upper temperature is limited by the 
temperature of the fuel bed and the structural strength and other 
aspects of the boiler. The lower temferature is ideally the ambient 
temperature of the environment, although for practical purposes the 
reject temperature must be set by design significantly above the highest 
anticipated ambient temperature. Within these temperatures it can be 
shown that the conversion of heat into any other form of energy is 
limited to efficiencies of about 40 percent regardless of any 
improvements to the machines employed. The limited boiler temperature 
utilized by present day light water nuclear powerplants is the major 
reason of the lower efficiency of these plants compared to fossil-fueled 
plants. For any steam electric power generation scheme, therefore, a 
minimum of 60 percent of the energy contained in the fuel must be 
rejected to the environment as waste heat. The extent to which existing 
and future steam electric powerplants approach this theoretical limit 
will be discussed later in this report, as will alternate methods of 
converting fuel energy to electric energy which do not employ a steam 
cycle and therefore are not limited to steam cycle efficiencies. 

Fossil-fueled steam electric powerplants produce electric energy in a 
four stage process. The first operation consists of the burning of the 
fuel in a boiler and the conversion of water into steam by the heat of 
combustion. The second operation consists of the conversion of the 
high-temperature high-press~re steam into mechanical energy in a steam 
turbine. The steam leaving the turbine is condensed to water, 
transferring heat to the cooling medium, which is normally water. The 
turbine output is conveyed mechanically to a generator, which converts 
the mechanical energy into electrical energy. The condensed steam is 
reintroduced into the boiler to complete the cycle. 

Nuclear powerplants utilize a similar cycle except that the source of 
heat is atomic interactions due to nuclear fuel rather than combustion 
of fossil fuel. - Water serves as both moderator and coolant as it passes 
through the nuclear reactor core. In a pressurized water reactor, the 
heated water then passes through a separate heat exchanger, where steam 
is produced on the secondary side. This steam, which is not 
radioactive, drives the turbine. In a boiling water reactor, steam is 
generated directly in the reactor core and is then piped directly to the 
turbine. This arrangement results in some radioactivity in the steam 
and therefore requires some shielding of the turbine. Long term fuel 
performance and thermal efficiencies are similar for the two types of 
nuclear systems. 

The theoretical water-steam cycle employed in steam electric powerplants 
is known as the Rankine cycle. Actual cycles in powerplants only 
approach the performance of the Rankine cycle because of practical 
considerations. Thus, the heat absorption does not occur at constant 
temperature, but consists of heating of the liquid to the bqiling point, 
converting of liquid to vapor and superheating (heating above the 
saturation equilibrium temperature) the steam. superheating is 
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necessary to prevent excess condensation in the turbines and results in 
an increase in cycle efficiency. Reheating, the raising of the temper­
ature above saturation of the partially expanded steam, is used to 
obtain improvements in efficiency and again to prevent excess 
condensation. Preheating, bringing of condensate to near boiling 
temperatures with waste heat, is also used for this purpose. condensers 
cannot be designed to operate at theoretically optimum values because it 
would require infinitely large equipment. All of these divergences from 
the optimum theoretical conditions cause a decrease in efficiency and an 
increase in the amount cf heat rejected per unit of production. As a 
result, only a few of the larger and newer plants approach even the 
efficiencies possible under. the ideal Rankine cycle. Also as a result 
of- second law limitatiohs, modifications of the steam cycle of an 
existing plant are not likely to result in significant reductions in 
heat rejection. 

Alternate Processes 

Alternate processes for generatihg electric energy can be divided into 
three distinct groups. The first group includes those processes that 
are presentiy being used to generate significant amounts of electrical 
energy. This group includes hydroelectric power generation, combustion 
gas turbines, and diesel engines. The second group includes processes 
that seek to improve on the steam electric cycle by utilizing new fuels 
or new energy technology- This group includes liquid metal fast breeder 
reactors, geothermal generation, utilization of solar energy, and 
various forms of combining cycles to obtain greater thermal efficiency. 
The last group includes .those systems, also mostly still under 
development, that seek to eliminate the inherent limitations of the 
Rankine cycle by providing for some type of direct conversion of 
chemical energy intc electrical energy. This group includes 
magnetohydrodynamics, electrogasdynamics and fuel cells. 

Presently Available Alternate Processes 

Hydroelectric Power 

Hydroelectric developnents harness the energy of falling water to 
produce electric power, and have a number of distinct advantages over 
steam electric plants. Operation and maintenance costs are generally 
lower. Although the initial capital cost may be higher, hydroelectric 
developments have lcnger life and lower rates of depreciation, and 
capital charges may therefore be less. ~he cost of fuel is not an item 
of operating cost. Beth availability and reliability are greater than 
for steam electric units. Hydroelectric plants are well suited for 
rapid start and ra~id changes in power output and are therefore 
particularly well adapted to serve peak loads. Best of all, 
hydroelectric plants do not consume natural fuel resources, produce no 
emissions that affect air quality and discharge no significant amounts 
of heat to receiving waters. 
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Unfortunately, the availability of hydroelectric power is limited to 
locations where nature has created the opportunity by providing both the 
stream and the difference in eleva~ion to make the energy extractab~e. 
In many instances this means generation far away from load centers with 
long transmission lines required to bring the energy to its point Of 
use. At the present time, hydroelectric generation in the United States 
is a major factor only in the Far west, in New York State, and in some 
areas of the Appalachian Region. Total hydroelectric capacity installed 
at the end of 1970 amcunted to 52,300 MW, amounting to about 15% of the 
total installed u. s. generating capacity. In spite of a projected 
growth of about 30,000 MW by 1990, the share of once-through electric 
power is expected to decline to about 7% by 1990. The primary reason 
for this decline is that the best available sites for hydroelectric 
power have already been developed and that the remaining sites are 
either too far from lead centers or too costly to develop. Development 
of some sites may be prohibited by legislation such as the Colorado 
River Basin Project Act (P. L. 90-537) and the Wild and Scenic Rivers 
Act (P. L. 90-542). Development of the maximum potential at other 
sites may be limited ty the Federal Power Act which requires that a 
project to be licensed or relicensed be best adapted to a comprehensive 
plan for the use of the basin's resources. 

There is a possibility of importing substantial blocks of hydroelectric 
power from eastern Canada, but ·the rapid rate of growth in Canada has 
possibly been a factor in the inability of that country and the United 
States to enter into long-term contracts for the sale of power. As much 
as 5,0CO MW might be available on a short-term basis of about twenty 
years and could be transmitted to load centers in the Northeastern 
United States at economically feasible costs. 

One form of hydroelectric power, pumped storage projects, is expected to 
play an increasing role in electric power generation. In a pumped 
storage project water is pumped, by electricity generated by thermal 
units, into an elevated reservoir site during off-peak hours and 
electricity is then generated by conventional hydro means during the 
periods of peak usage. Pumped storage plants retain the same favorable 
operating characteristics as once•through hydroelectric plants. Their 
ability to accept or reject large blocks of energy very quickly make 
them much more flexible than either fossil-fueled or nuclear plants. Of 
course, the power required to pump the water into the reservoir must be 
generated by some ether generating facility. Efficiencies of pumping 
and of hydroelectric generation are such that about 3 KWH of energy must 
be generated for each 2 KWH recovered, but on many systems the loss of 1 
KWH of non-peak fuel consumption in lieu of 2 KWH (equivalent) of 
capital expenditure for additional ~eak generating capacity is favorable 
in the light of overall system economics. 

Although the earliest pumped storage project dates back to 1929, total 
pumped storage capacity at the end of 1970 amounted to only 3,700 MW. 
FPC estimates indicate that pumped storage capacity may reach 70,000 MW 
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by 1990. This would represent a higher rate of growth than the 
projected growth of the entire industry. 

Although hydroelectric plants produce neither air emissions nor thermal 
discharges, some proposed projects have drawn opposition from 
environmental groups because of the large volumes of water being drawn 
through the turbine-pump units, with the associated potential for damage 
to marine life, and the relatively large areas of uncertainty 
surrounding the effect of artificial reservoirs on groundwater regimen. 
several of the pumped storage project reservoirs ~ave required remedial 
measures to reduce leakage of water from the reservoir. 

In general, hydroelectric power refresents a viable alternative to 
fossil-fueled or nuclear steam cycle generation where geographic, 
environmental and economic conditions are favorable. Pumfed storage 
additionally offers an cpfortunity to imfrove overall system performance 
and reliability, particularly for rapid startup and maintenance of 
reserves ready to be loaded on very short notice. 

Combustion Gas Turbines and Diesel Engines 

Combustion gas turbines and diesel engines are devices for converting 
the chemical energy of fuels into mechanical energy by using the Brayton 
and Diesel thermal cycles as opposed to the Rankine cycle used with 
steam. As with the Rankine cycle, the second law of thermodynamics 
imposes upper limits as their ideal energy conversion efficiencies based 
on the maximum combustion temperature and the heat sink temperature 
(ambrient air). The actual conversion efficiencies of combustion gas 
turbines and diesel engines are lower than those of the better steam 
cycle plants. Diesel engines are used in small and isolated systems as 
a principal generator of electrical energy and in larger systems for 
emergency or standby service. Combustion gas turbines are used 
increasingly as peaking units and in some instances as part of combined 
cycle plants, where the hot exhaust gases from a combustion gas turbine 
are passed through a toiler to generate steam for a steam turbine. Both 
types of units are relatively low in capital cost ($/KW) , require little 
operating labor, are cafable of remote controlled operation, and are 
able to start quickly. Since these units typically operate less than 
1,000 hours per year, fuel costs are generally not a deciding factor. 

In a combustion gas turtine, fuel is injected into compressed air in a 
combustion chamber. The fuel ignites, generating heat and combustion 
gases, and the gas mixture expands to drive a turbine, which is usually 
located on the same axle as the compressor. Various heat recovery and 
staged compression and combustion schemes are in use in order to 
increase overall efficiency. Aircraft jet engines have been used to 
drive turbines which in turn are connected to electric generators. In 
such units, the entire jet engine may be removed for maintenance and a 
spare installed with a minimum of outage time. Combustion gas turbines 
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require little or no cooling water and therefore produce no significant 
thermal effluent. 

Diesel engines can be operated at partial or full loads, are capable of 
being started in a very short time, and are ideally suited for peaking 
use. Many large stearr electric plants contain diesel generators for 
emergency shutdown and startup power if the plant is isolated from 
outside sources of power. 

In 1970, combustion gas turbine and diesel engines represented 6% of the 
total United states generating capacity. This represented 15,000 MW of 
combustion gas turbines and 4,000 MW of diesel engines. 

Alternate Processes Under Active Development 

Future Nuclear Types 

At the present time almost all of the nuclear powerplants in operation 
in the United States are of the boiling water reactor (BWR) or 
pressurized water reactor (PWR) type. As previously discussed some 
technical aspects of these types of reactors limit their thermal 
efficiency to about 30%. There are potential problems in the area of 
fuel availability if the entire future nuclear capacity is to be met 
with these types of reactors. In order to overcome these problems, a 
number of other types of nuclear reactors are in various stages of 
development. The objective of develofing these reactors is two-fold, to 
improve overall efficiency by being able to produce steam under 
temperature and pressure conditions similar to those being achieved in 
fossil fuel plants, and to assure an adequate supply of nuclear fuel at 
a minimum cost. Included in this group are the high temperature gas· 
cooled reactor (HTGR) , the seed blanket light water breeder reactor 
(LWBR), the liquid metal fast breeder reactor (LMFBR), and the gas· 
cooled fast breeder reactor (GCFBR). All of these utilize a steam cycle 
as the last stage befcre generaticn of electric energy. Both the HTGR 
and the LMFBR have advanced sufficiently to be considered as potentially 
viable alternate processes. 

The HTGR is a graphite-moderated reactor which uses helium as a primary 
coolant. The helium is heated to about 750 degrees centigrade (1400 
degrees Fahrenheit), and then gives up its heat to a steam cycle which 
operates at a maximum temperature of about 550 degrees centigrade (1,000 
degrees Fahrenheit). As a result, the HTGR can be expected to produce 
electric energy at an overall thermal efficiency of about 40%. one HTGR 
is operating in the United States at this time, with another expected to 
be operating in 1974. The HTGR should be responsible for a significant 
portion of the total nuclear capacity by about 1985. The thermal 
effects of its discharges should be similar to those of an equivalent 
capacity of fossil-fueled plants. Its chemical wastes will be provided 
with essentially similar treatment systems that are presently being 
provided for BWR and PWR plants. 
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The LMFBR will have a primary and secondary loop cooled with sodium, and 
a tertiary power producing loop utilizing a conventional steam system. 
Present estimates are that the LMFBR will operate at an overall thermal 
efficiency of about 36%, although higher efficiencies are deemed to be 
ultimately possible. The circulating water thermal discharges of the 
LMFBR will initially be about halfway between those of the best fossil­
fueled plants and the current generation of nuclear plants. Chemical 
wastes will be similar tc those of current nuclear plants. 

Coal Gasification 

The technology for producing from coal a low BTU gas suitable·for 
combustion in a utility powerplant has long been available. Thus far, 
the economics of processing the coal at the mine and transporting gas to 
the point of use have not been sufficiently favorable to lead to the 
construction of large scale facilities based on this process. 

The attractiveness of the concept lies in its potential for utilizing 
the most abundant of the fossil fuels, coal, without the problems 
usually associated with coal, sulfur and particulates in the stack gases 
and ash and slag problems in the boiler. The drawbacks are that coal 
gasification only returns 2 KW for each 3 KW of coal processed, large 
capital investments are required, and the resulting cost per BTU is 
high. 

The Federal Government and a number of private organizations are 
supporting research and development seeking to reduce the cost of coal 
gasification. There are at least eight process alternates in various 
stages of development with different by-products or energy requirements. 
Best current estimates are that low B~U gas could be produced from coal 
for about twice the average price currently (1973) 'paid by electric 
utilities for natural gas. With an increasing shortage of natural gas 
and fuel oil and increasing pressure on the utilities for 
environmentally "clean" generation of electric energy, coal gasification 
could well turn into a significant factor in the steam electric 
powerplant industry. 

CQmbined Cycles 

one possible avenue toward greater overall thermal efficiency lies in 
first utilizing the hot gases generated by combustion of the fuel in a 
combustion gas turbine and then passing the exhaust of the turbine 
through a steam boiler. A small number of plants based on this concept 
have been constructed. One problem lies in the fact that present-day 
turbine technology requires a relatively clean gas or light oil (natural 
gas or refined oil) fuel. Gas turbines are used ·primarily as peaking 
units due to the shortage of natural gas supplies, its high cost per 
unit of heating value, and the relatively high maintenance cost of the 
equipment. 'lbermal efficiency is a primary consideration only for base 
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loaded units and experience with gas turbines used as base- load units 
is limited. 

A ~ajor advantage cf the combustion gas turbine is the fact that it 
requires no cooling water. Conversion of existing units or plants to 
combined cycle offers, at least in theory, the potential for reducing 
the thermal effects associated with a given production of electrical 
energy. In practice, the modification of existing equipment is 
generally likely to be technically difficult, if not impossible, and of 
doubtful economic viatility. 

One form of combining cycles that holds special attraction is the 
utilization of municifal refuse as a source of energy for the production 
of steam and electrical power. Municipal refuse has an average heating 
value of about 12,000 J/g (5000 BTU/lb). Many municipalities have been 
forced to incineration of their refuse by the growing scarcity of 
available and environmentally acceptable sites for landfill operations. 
In European countries, higher fuel costs and lower wages have resulted 
in economics favorable to the recovery of heat from the incineration of 
refuse. In the United States, general practice has been to incinerate 
refuse in refractory furnaces without attempt at heat recovery, although 
several large municipal incinerators now generate steam. 

Plant No. 2913 has teen converted to accept a mixture of 10 to 20% 
shredded refuse and 80 to 90% powdered coal. The refuse has previously 
been processed to remcve a portion of the ferrous metals. The operation 
appears to be reasonatly successful, although its economic justification 
is more difficult to document. Refuse can never supply more than a 
minor fraction of the energy requirements of a community and the 
modifications to both the refuse disposal operations and the production 
of electric energy are such that the economics must be carefully 
evaluated in each individual case. 

Future Generatinq Systems 

Magnetohydrodynamics 

Magnetohydrodynamic (MHD) power generation consists of passing a hot 
ionized gas or liquid metal through a magnetic field to generate direct 
current. The concept has been known for many years, although specific 
research directed towards the development of viable systems for 
generating significant quantities of electric energy has only been in 
progress for the past ten years. 

The promise of MHD lies in its potential for high overall system 
efficiencies, particularly if applied as a "topping" unit in conjunction 
with a conventional steam turbine. The exhaust from a MHD generator is 
still at a sufficiently high temperature to be utilized in a waste heat 
boiler. The combined MHD-steam cycle could result in overall system 
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efficiencies of 50 to 60% and would require substantially less cooling 
water than_ presently available systems. 

The problems with MHC lie in the development of suitable materials that 
can withstand tem~eratures in the 2200-2aoooc (4000-SOOOOF) range. This 
includes electrodes, channels, and auxiliary components. There are also 
problems in the burning of commercial fuels containing various 
impurities (such as sulfur-containing coal) and problems resulting from 
the fixation of nitrogen and the lack of satisfactory methods to remove 
nitrous oxides from the stack gases. 

Although the Soviet Union and Japan are actively engaged in MHD research 
and development, including the ccnstruction of a commercial size MHD 
plant in Moscow, experimental generators in the United States have 
produced only moderate outputs for short periods of time or small 
outputs for periods of u~ to hundreds of hours. In spite of substantial 
interest in and support of MHD research by the Off ice of Coal Research 
of the u. s. Department of the Interior, and the Edison Electric 
Institute, it does not seem likely that MHD will reach commercial 
operations in the United states within the next ten years. 

Electrogasdynamics 

Electrogasdynamics (EGD) produces power by passing an electrically 
charged gas through an electric field. ~he process converts the kinetic 
energy of the moving gas to high voltage direct current electricity. 

The promise of EGD is similar to the promise of MHD. Units would be 
smaller, with a minimum of moving parts, would not be limited by thermal 
cycle efficiencies and would not require cooling water. The system 
could also be adapted to any source of fuel or energy including coal, 
gas, oil or nuclear reactors. 

Unfortunately, the ~roblems of develofing ccmme.rcially practical units 
are also similar to those associated with MHD. A pilot plant was 
constructed in the United States in 1966, but tests on the pilot model 
uncovered major technical problems and resulted in a termination of the 
project. In view of these difficulties and the relatively small current 
effort toward further work on this process, it seems unlikely that EGD 
will have an impact on the national energy picture within the next 
twenty years. 

Fuel Cells 

Fuel cells are electrochemical devices, similar to storage catteries, in 
which the chemical energy of a fuel such as hydrogen is converted 
continuously into low voltage electric current. Fuel cells presently 
under developnent produce less that 2 volts per cell. In order to 
create a usable potential, many cells have to be arranged in series and 
many of these series arrangements must be paralleled in order to produce 
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a significant current. Converters would be required to convert the 
direct current produced by the cells into alternating current. 

The main attractiveness of the fuel cell lies in its modular capability 
and the possibility cf tailoring power output to the immediate needs. 
Fuel can be stored and used when needed. Losses in transporting fuel 
are also less that the corresponding losses incurred in transmitting 
electricity. The efficiency of the direct conversion from chemical to 
electric energy is high and the heat losses are minimal. 

Main problem areas at the present time lie in developing low cost 
materials of construction and low cost fuels. The most effective 
electrodes presently available are platinum electrodes, which can be 
used in military and space applications, but are not economically 
competitive for commercial use. Presently used fuels include hydrogen, 
hydrazine and methyl alcohol. The use of relatively lqw cost fuels such 
as coal, natural gas or petroleum is not feasible at this time. 
Unfortunately, the rranufacture 0f the usable fuels also involves the 
utilization of significant quantities of electric and other energy, so 
that the overall benefits are questionable. 

A strong effort is teing made in the United States to develop the fuel 
cell for residential and commercial service. A number of prototype 
units have been installed.and are operating successfully. However the 
fuel cell is not expected to replace a significant portion of the 
central plant power generation within the next ten years. 

Geothermal Generation 

Geothermal .generation utilizes natural steam or hot water trapped in the 
earth's crust to produce electrical energy. At the present time, 
geothermal generation is limited to areas of geothermal activity such as 
fumaroles, geysers and hot springs. If steam is obtained directly from 
the earth, it can be used to drive a turbine. Hot water must first be 
flashed to steam or used to evaporate some other type of working fluid. 

Advantages of this type of power generation are that the source of 
energy is essentially free, although the costs of drilling are not 
insignificant. Disadvantages are that the steam must first be cleaned 
and that, at the current state of the art, this scheme is practical only 
where there is geothermal activity near the surface of the earth. With 
the advances being made in deep drilling for locating oil, it would seem 
possible to tap energy sources almost anywhere on earth. However, 
economic considerations appear to lead to the conclusion that geothermal 
gene7a~ion will be feasible only under specially favorable geologic 
conditions. 
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At the Federal level, numerous agencies have regulatory authority or 
direct responsibility for certain asfects of the industry. These 
include the Atomic Energy Commission (AEC) , Department of Agriculture, 
Department of the Interior, Federal Power commission, the Department of 
the Treasury, Securities and Exchange Commission, Tennessee Valley 
Authority, Environmental Protection Agency and the Department of Labor. 

The Federal Power Commission (FPC) is authorized to provide certain 
types of economic regulation over certain investor•owned electric 
utilities and administrative supervision over certain publicly-owned 
systems. It licenses all non-Federal.hydroelectric projects, regulates 
all interstate rates and services, and requires systems to keep a 
specific system of accounts and submit reports on their activities. The 
annual report FPC Form 67, Steam Electric Plant Air and Water Quality 
Control Data, with respcnses from 654 ~lants, and the summary Report for 
the year ended December 31, 1969, formed one of the major sources of 
data for this report. The 654 plants reporting represented steam 
electric plants of 25 MW or greater capacity which were part of a power 
supply system of 150 MW or greater and plants of 25 MW or greater 
capacity operating in one of the Air Quality Control Regions. 

The Atomic Energy Commission (AEC) has ~he responsibility for licensing 
construction and operation of nuclear plants (stations) • A utility 
proposing to build a nuclear plant must first apply for a construction 
permit. With this application the utility must file a Preliminary 
Safety Analysis Report and an Environmental Impact Statement. After the 
major design details have been completed, and while construction is 
under way, the utility has to submit a Final Safety Analysis Report 
which then becomes the basis for an operating license. In conformance 
with a recent decision by the United states Court of Appeals, AEC 
licensing procedures now include consideration of all environmental 
factors, non-nuclear as well as nuclear, as required by the National 
Environmental Policy Act (NEPA) of 1969. 

At the state level, all states except Minnesota, Nebraska, Texas and 
South Dakota have regulatory commissions ~ith authority over investor 
owned utilities. In less than half the states, the commissions also 
have the power to regulate publicly-owned utilities. The degrees of 
authority vary, but generally include territorial rights, quality of 
service, safety, and rate-setting. The rate-setting power generally 
requires a utility tc demonstrate to the regulatory authority that a 
proposed rate structure is necessary in order to permit the utility to 
earn a return on its equity investment, also known as a rate base. The 
rate base may be determined from historical cost or fair market value or 
some other valuation formula, but in most cases, commissions in effect 
assure the utility of a minimum return on capital invested in its 
system. 
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Construction Schedules 

Construction schedules for nuclear plants and fossil-fueled plants are 
significantly different in the total time span required from the concept 
study stage to comrrercial operation. Foi example, the condensed 
construction schedule for a 200 MW oil-fired unit shown in Figure III-·2 
encompasses a span cf about three years from initiation of the concept 
study to commercial operation. In contrast, Figure III-3 shows excerpts 
from a typical LWR nuclear plant project schedule. The time span shown 
from the initi~tion of the preliminary design until commercial operation 
is about 8-9 years. 
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Figure III-2 

CONDENSED CONSTRUCTION SCHEDULE, 200 MW 011-FIRED UNIT* (Reference No. 187} 

Concept Study Begun 

Grading and Excavation 
Piling 
Substructure 
Structural Steel 
Superstructure 
Gallery Work 
Steam Generator 
Steam Turbine-Generator 
Condensing Equipment 
Cooling Tower** 
Equipment Erection 
Flues, Ducts and Stack 
Misc. Field Erection 
Piping System 
Thermal Insulation 
Electrical 

Years 1972 1974 1975 
Months JFMAMJJASO 

Boilout 
Initial Steam --11~ 

Conunercfal Oper. --+--~ 

* Note: Base-load type unit with provisions for cycling duty. Major items of 
equipment include one main transformer, one generator, one steam turbine, 
one steam condenser, two condensate pumps, five closed feedwater heaters, 
one deaerating heater, two boiler feedwater pumps, one steam generator, 
one combustion burner group, and two combustion air fans and compressors. 

** Note: Cooling tower is mechanical draft. 



Figure III-3 

TYPICAL LWR NUCLEAR PLANT PROJEcr SCI;IEDULE {HIGHLIGHTS ONLY)* 

Task 

Site Selection and Acquisition 
Environmental Studies 
Prepare NSSS and Fuel Specifications 
Vendor Bid Preparation 
Bid Evaluation and Negotiation 
Contract Awards 
Preliminary Design 
Detailed Design 
Site Clearance and Excavation 
Foundations and Buildings 
Containment Erection 
NSSS Equipment Installation 
Turbine-Generator Erection 
NSSS and T-G Auxiliary Equipment 
Fuel Loading 
Testing 
Commercial Operation 

\Year 

* Note: Excerpts from Reference No. 186. 

1 2 3 . 4 5 6 7 8 

................ 
9 10 



SECT.ION IV 

INDUSTRY CATEGORIZATION 

Steam electric powerplants are characterized by many diverse aspects, 
and at the same time by many similarities. Categorization of the 
industry into discrete segments for the purpose of establishing effluent 
limitations guidelines requires consideration of the various factors 
causing both this diversity and similarity. Specific factors which 
require detailed analysis in order to categorize the industry include 
the processes employed, raw materials utilized, the number and size of 
generating facilities, their age and location and their mode of 
operation. 

Process Considerations 

There are five major unit processes involved in the generation of 
electric power - the storage and handling of fuel related materials both 
before and after usage, the production of high-pressure steam, the 
expansion of the steam in a turbine which drives the generator, the 
condensation of the steam leaving the turbine and its return to the 
boiler, and the generation of electric energy from the rotating 
mechanical energy. Figure IV-1 shows a schematic flow diagram of a 
typical steam electric powerplant. 

Fuel storage and Handling 

All fuels must be delivered to the plant site, stored until usage, and 
the spent fuel materials stored on the premises or removed. 
Fossil-fueled plants require off-loading facilities and fuel storage in 
quantities based on the size of the plant and the limited reliability of 
delivery. Fossil-fuels are transported to the furnace where combustion 
takes place. The combustion of fossil fuels results in gaseous products 
of combustion and non-gaseous non-combustible residues called ash. A 
portion of the ash is carried along with the hot gases. This portion is 
referred to as fly ash. The remainder of the ash settles to the bottom 
of the furnace in the combustion zone and is called bottom ash. The 
amount and characteristics of each type of ash is depe~dent on the fuel 
and the type of boiler employed. Coal produces a relatively large 
amount of bottom ash. Oil produces littl~ bottom ash but substantial 
fly ash. Gas produces little ash of any type. 

coal-fired steam generators can be categorized as wet or dry bottom 
according to ash characteristics. Gas-fired· and oil•fired steam 
generators are generally run with dry bottoms. In one type of wet 
bottom steam generator the coal is burned in such a manner as to form a 
molten slag which is collected in the bottom and is tapped off similar 
to the tapping of a blast furnace. In dry bottom steam generators, 

35 



VENT 

BOILER 
BLOWOOWN 
ORUM 

COAL 

fl PRIMARY 
'I SUPERHEA TER 

SECTION 

--------------------------------

FIGURE IV-I 

SCHEMATIC FLOW DIAGRAM 

' TYPICAL STEAM ELECTRIC GENERATING PLANT 

BOILER FEED 
PUMP 

l11GH 
PRESSURE 
TURBINE 

OEAERATOR­
HEATER 

CONDENSATE 
PUMP 

GENERATOR 

MAIN 
CONDENSER 

CWR 

ccw 

BOILER 
BLOW DOWN 



where ash is removed hydraulically, it is customary 
slurry to a pond or settling tank, where the 
separated. · 

to pump the ash 
water and ash are 

Many modern powerplants remove fly ash from the gaseous products of 
combustion by means of electrostatic precipitators, although scrubbers 
may be required in the future on plants burning fossil fuels containing 
more than a minimal amount of sulfur. The removal of fly ash collected 
in an electrostatic precipitator depends on the method of ultimate 
disposal. If the fly ash is to be used in the manufacture of cement or 
bricks or otherwise used commercially, it is generally collected dry and 
handled with an air conveyor. If it is to be disposed of in an ash pond 
or settling basin, it is sluiced out hydraulically. 

Many of the operations involving fossil-fuels a~e potential sources of 
water pollutants. The storage and handling of nuclear fuels in 
comparison is not a continuous operation, requires little space, is 
highly sophisticated from the standpoint of engineering precision and 
attention to details, and is not considered to be a potential source of 
nonradiation water pollutants. 

Steam Production 

The production of high-pressure steam from water involves the combustion 
of fuel with air and the transfer of the heat of combustion from the hot 
gases produced by the combustion to the water and steam by radiation and 
convection. In order to obtain the high~st thermal efficiency, as much 
of the heat of combustion as possible must be transferred from the gases 
to the steam and the gases discharged at the lowest possible 
temperature. This requires the transfer to be accomplished in a series 
of steps, each designed for optimum efficiency of the overall process. 
Not every boiler provides each of the steps outlined in this section, 
but most of the boilers supplying steam to larger and newer. generating 
units (over 200 MW and built in the last twenty years) provide these 
steps as a minimum. 

Feedwater is introduced into the boiler by the boiler feed pump and 
first enters a series of tubes (regenerative f eedwater heater) near the 
point where the gases exit from the boiler. There it is heated to near 
the boiling point. 'Ihe water then flows to one or more drums connected 
by a number of tubes. The tubes are arranged in vertical rows along the 
walls of the combusticn zone of the boiler. In this zone, the water in 
the tubes is vaporized to saturated steam primarily by the radiant heat 
of combustion. The saturated steam is then further heated to higher 
temperatures primarily by convection of the hot gases in the superheater 
section of the boiler. In some boilers, the steam is reheated after 
passage through the initial sections of the turbine. Finally, the flue 
gases are passed through a heat exchanger (air heater) in order to 
transfer heat at a low temperature to the air being blown into the 
boiler. 
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As far as steam production is concerned, the efficiencies possible from 
the conversion of the chemical energy of the fuel to electric energy 
depend on the maximum steam temperatures and pressures and on the extent 
of the utilization of regeneration feedwater heaters, reheat and air 
heating. For a simple cycle using saturated steam with a maximum 
pressure of 6.3 MN/m2 (900 psi) expanded in the turbine to atmospheric 
pressure and using exhaust steam to heat the feedwater, the total cycle 
efficiency would be atout 20%. If the saturated steam is superheated to 
53ooc (l,OOOOF), the efficiency is increased by an increment of 5 to 6%. 
The addition of a high-vacuum 863 Kg/m2 (2-1/2 in Hg abs) condenser and 
the addition of feedwater heating will increase possible efficiencies by 
an increment of 12 - 13% to about 381. By increasing the maximum 
pressure still further and reheating the steam, the efficiency can be 
increased to about 45~. These are turbine cycle efficiencies and do not 
reflect various losses in the boiler and auxiliary power requirements. 
Indications are that these efficiencies represent the. limit obtainable 
from the processes presently in use. Higher efficiencies would require 
higher steam pressures and temperatures would present material problems 
that do not seem to be near solution. The alternate of lower terminal 
temperatures is not possible since the waste heat must be rejected to 
the environment under ambient conditions. 

In the effort to improve the efficiency of the steam cycle, designers 
have attempted to resort to.higher temperatures and pressures. Maximum 
turbine operating pressures increased from about 1,000 psi in the early 
1930's to 5000 psi in the early 1960 1 s. Since then, turbine design 
pressures for new units have receded slightly to a maximum of 3500 psi. 
similarly, maximum operating temperatures increased from 8000F to 12000F 
for a brief period and then receded to a maximum of 10500F, as designers 
looked to .more sophisticated reheat cycles and turbine designs to 
optimize plant performance. 

Nuclear generators ~resently in operation fall into two classes, 
pressurized water reactors (PWR) and boiling water reactors (BWR) • In a 
PWR, water under a pressure of about 14 MN/m2 (2,000 psig) is heated as 
it circulates past the nuclear fuel rods in a closed loop. This hot 
water then exdlanges heat with a secondary water system which is allowed 
to vaporize to steam. In the BWR, water heated in the reactor core 
under a pressure of a.bout 7 MN/m2 (l,000 p~ig) is allowed to vaporize to 
steam directly. Neither of these processes produce steam with 
significant amounts of superheat and this limits their thermal cycle 
efficiencies to about 30%. 

The size or rating of boilers is in terms of thousands of pounds of 
steam supplied per hour. According to the FPC the increase in boiler 
capacity was.rather slow until 1955, when the maximum capacity of 
boilers installed began to rise from a level of about 1,500 thousand 
pounds pe7 hour to the.~r7s7nt leve~ of about 10,000 thousanq pounds per 
hour. Prio7 to 1950, individual boilers were kept small, in large part 
because boiler outages were rather numerous, so that it was common 
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design practice to provide multiple boilers and steam header systems to 
supply a turbine-generator. some plants report to the FPC that the 
steam headers are connected to multiple turbine-generators. Advances in 
metal technology since 1950, with associated lower costs of larger 
units, have made it economical and reliable to have one boiler per 
turbine-generator. 

Steam Expansion 

The conversion of the pressure energy of the steam into mechanical 
energy occurs in the steam turbine. In the turbine the steam flows 
through a succession of . passages made up of blades mounted on 
alternately moving and plantary discs. Each set of moving and plantary 
discs is called a stage. The. moving discs are mounted on a rotating 
shaft while the plantary discs are a~tached to the turbine casing. As 
the steam passes from disc to disc, it gives up its energy to the 
rotating blades and in the process loses pressure and increases in 
volume. If the steam enters the turbine in a saturated condition, a 
small portion of the steam . will condense as it passes through the 
turbine. One reason for superheating or reheating steam is to reduce 
this condensation and the mechanieal problems associated with it. 

There are many different types of turbines and turbine arrangements in 
use in steam electric powerplants. Almost all turbines in use in 
central generating plants are of the condensing type, discharging the 
steam from the last stage at below atmospheric pressure. The efficiency 
of the turbine is highly sensitive to the exhaust pressure 
(backpressure). A turbine designed optimally for one level of 
backpressure will not operate as efficiently at the· other levels of 
backpressure. Some turbines designed for 863 Kg/m2 (2-1/2 in Hg abs) 
backpressure cannot operate at 1730 Kg/m2 (5 in Hg abs) because of high 
temperature in the last stages. In general, turbines designed for once­
through cooling systems will generally be operated at lower 
backpressures than those designed for closed cooling systems. Moreover, 
if a turbine designed for the low backpressures corresponding to once­
through cex>ling system is operated instead with a closed cooling system, 
an incremental decrease in turbine efficiency will result during times 
when the back pressure is higher than it would have been for 
once-through cooling. 

In most turbine arrangements a portion of the steam leaves the casing 
before the final stage. This type of turbine is called an extraction 
turbine. The extracted steam is used for feedwater heating purposes. 
In some turbines, a portion of the steam is extracted, reheated in the 
boiler, and returned tc 'the turbine er to another turbine as a means of 
improving overall efficiency. Many different mechanical arrangements of 
high pressure and low pressure tur.bines on one or more shafts are 
possible, and have been utilized. 

39 



While there are no major effluents associated with the steam expansion 
phase other than tho.se resulting from housekeeping operations, the 
significance of the steam expansion lies in its effect on plant 
efficiency and therefore on the thermal dis·charge. In many plants, 
turbine design will te a key factor determining the extent of the 
feasibility of converting a once-through cool~ng system to a closed 
system. 

Steam Condensation 

Steam electric powerplants use a condenser to maintain a low turbine 
exhaust pressure by condensing the steam leaving the turbine at a 
temperature corresponding to vacuum conditions, thus providing a high 
cycle efficiency and recovering the condensate for return to the cycle. 
Alternatively, the spent steam could be exhausted directly to the 
atmosphere thus avoiding the requirement for condensers or condenser 
cooling water, but with poor cycle efficiency and a requirement for 
large quantities of high purity water. There are two basic types of 
condensers, surf ace and direct contact. Nearly all powerplants use 
surface condensers of the shell and tube heat exchanger type. The 
condenser consists of a shell with a chamber at each end, connected by 
banks of tubes. If all of the water flows through the condenser tubes 
in one direction, it is called a single-pass condenser. If the water 
passes through one half of the tubes in one direction and the other half 
in the opposite direction, it is called a two-pass condenser. steam 
passed into the shell condenses on the outer surface of the cooled 
tubes. 

A single-pass condenser tends to require a larger water supply than a 
two-pass condenser and will generally result in a lower temperature rise 
in the cooling water. In most instances it will also produce a lower 
turbine backpressure. A two-pass condenser is utilized where the 
cooling water supply is limited or in a closed system where it is 
desired to reduce the size of the cooling device, and improve its 
efficiency by raising the temperatures of operation. 

Many condensers at the more-recently built powerplants have divided 
water boxes so that half the condenser can be taken out of service for 
cleaning while the unit is kept running under reduced loads. Since 
cleanliness of the condenser is essential to maintaining maximum heat 
transfer efficiency, it is common practice to add some type of biocide 
to the cooling water to control the growth of algae or slimes in the 
condenser. In spite cf these biocides most powerplants clean condensers 
mechanically as part cf regularly scheduled maintenance procedures. 

Operation of the condenser requires large quantities of cooling water. 
Wherever adequate sup~lies of cooling water are available, it has been 
common practice to take cooling water from a natural source, pump it 
through the condenser, and discharge it to the same body of water from 
which it was obtained. This is known as a "once-through" system. one 
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of the major considerations in siting powerplants is the availability of 
an adequate source of high-quality once-through cooling water. If 
sufficient water for a once-through system is not available and other 
considerations prevail in determining the location of the plant, cooling 
water must be recirculated within the plant. In this case some form of 
cooling device, an artificial pond with or without sprays, or a cooling 
tower must be provided to keep the temperature from rising above the 
maximum level permissible or desirable for turbine operation. Figure 
IV-2 shows a schematic flow diagram of a typical recirculating (closed) 
system utilizing cooling towers. For reasons of economy closed systems 
typically operate at higher temperature differentials across the 
condenser than once-through systems, balancing the somewhat reduced 
efficiency of the· turbine against the lower quantity of cooling water 
required, and therefore the smaller size and lower cost of the cooling 
device. However, since nearly all cooling devices currently in use 
obtain their cooling effect from evaporation, the dissolved solids 
concentration of closed cooling systems tends to increase, eventually 
reaching, if uncontrolled, a point where scaling of the condenser would 
interfere with heat transfer. A portion of the concentrated circulating 
water must therefore be discharged continually as blowdown to remove 
dissolved solids, and purer fresh water must be provided to make up for 
losses due to evaporation, blowdown, liquid carryover (drift), and 
leaks. 

Flow rates of cooling water vary with the type of plant, its heat rate 
and the temperature rise across the condenser. A fossil plant with a 
heat rate of 10,000 KJ/KWH (9,500 BTU per KWH) and a 6.7°c (12°F) rise 
across the condenser (values typical of exemplary plants in the industry 
using once-through cocling systems) will require about 0.5 x 10-• 
m3/sec. (0.8 gpm) of cooling water for every KW of generating capacity. 
A nuclear plant witt a heat rate of 11,100 KJ/KWH (10,500 BTU per KWH) 
and a lloc (200F) rise across the condenser, (typical of plants using 
closed cooling systems) will require about 0.46 x 10-• m3/sec. (0.73 
gpm}. Because of differences in thermal efficiencies, nuclear plants 
under identical conditions require about 50% more cooling capacity than 
comparible fossil plants. 

While both once-through and closed cooling systems are currently in use 
in the industry, the use of closed systems has generally been dictated 
by lack of sufficient water supplies to operate a once-through system 
and not generally ty considerations of the thermal effects of the 
cooling water discharge. A few plants have installed cooling devices on 
their effluents to meet receiving water quality standards and a few 
others have installed or are planning to install cooling devices or to 
convert to closed systems in order to meet receiving water temperature 
requirements. 
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.Generating of Electricity 

The actual generation of electric energy is accomplished in a generator, 
usually directly connected to the turbine. The generator consists of a 
rotating element called a rotor revolving in a plantary frame called a 
stator. The process converts mechanical energy into electric energy at 
almost 100% of theoretical efficiency and therefore produces little 
waste heat. 

Raw Materials 

General aspects of the four basic fuels in use in the industry have been 
discussed in the previous section. In this section some of the 
characteristics of each of the fuels will be discussed as they affect 
the process and the waste effluents produced. · 

Coal 

coals , are ranked according to their geological age which determines 
their fuel value and ether characteristics. The oldest coals are the 
anthracites, which contain in excess of 921 fixed carbon. Most 
anthracite lies in a limited region of eastern Pennsylvania and is not a 
major factor in the nationwide generation of electric energy. Most of 
the power is produced from bituminous coal (the next lower rank) which 
contains between 50 and 921 fixed carbon and varies in fuel value 
between 19,300 and 32,600 J/g (8,300 and 14,000 BTU per lb). A 
substantial amount of power is also produced from lignite containing 
less than 501 carbon and having an average heating value of 15,600 J/g 
(6,700 BTU per lb). 

Three major characteristics of coal that affect its use in powerplants 
are the percentages of volatile combustible matter, sulfur and ash. The 
sulfur content of coal is particularly critical since air pollution 
limitatiais restrict the emission of sulfur dioxide. The sulfur content 
of u. s. coals varies from 0.2 to 7.0 percent by weight. Most of the 
low sulfur coal deposits are located west of the Mississippi River. In 
the East, a large portion of the low sulfur coal has been dedicated to 
metallurgical and export uses. 

The ash content of coal varies from 5 to 20% by weight. Ash can create 
problems of air polluticn, slagging, abrasion and generally reduced 
efficiency. One problem of substituting low sulfur coal for coal with a 
higher sulfur content is that low sulfur coals tend to have higher ash 
fusion temperatures, which may cause problems in boiler operation. The 

····fly ash produced by low sulfur coal tends to have higher electrical 
resistivity which reduces the efficiency of electrostatic precipitators. 

Several other aspects of coal as a fuel for steam electric powerplants 
should be noted. The first is the increased popularity of mine-mouth 
plants, that is plants built for the purpose of using coal from a 
specific mine and located in the immediate vicinity of that mine. Much 
of the current construction of coal-fired units consists of mine-mouth 
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plants. These plants in effect trade off the cost of transporting coal 
against the cost of transmitting the electrical energy generated. Their 
major advantages are that in most cases that they are not located in or 
near urban centers and therefore do not arouse public opposition or have 
the same type of environmental impact as plants located within those 
centers. Most mine-mouth plants are base-load operated and many use 
cooling towers because of the absence of adequate cooling water 
supplies. They compete favorably on a unit cost basis with nuclear 
plants and in many instances can be constructed with a substantially 
shorter lead time. 

A second aspect consists of the potential impact on the industry of the 
successful development cf a commercial-scale coal gasification process. 
A number of processes are currently under development. The potential of 
coal gasification lies in its ability to produce a storable product that 
can be transported economically by pipeline and can be burned without 
ash or sulfur problems. At the present, the estimated cost of synthetic 
gas is still substantially higher than the cost of alternate fuels, but 
upward pressures on natural gas and residual oil prices may make coal 
gasification economically attractive. 

Natural Gas 

The use of natural gas as a fuel for generating electricity is a fairly 
recent developnent, dating back to about 1930. In 1970 0.1 trillion ma 
(3.9 trillion cu ft) cf natural gas were burned to generate electricity, 
placing natural gas second among the fossil fuels and accounting for 
almost 30% of the energy generated from fossil fuels. 

The original attractions of natural gas were its availability and its 
economics. For a long time natural gas was considered almost a by­
product. At the same time, its use in utility powerplants resulted in 
simpler and less costly fuel handling, burning facilities and a marked 
reduction in ash handling and air pollution problems. However, the 
availability of natural gas has declined sharply in the last few years, 
and utilities are finding it increasingly difficult to conclude long­
term agreements for natural gas supplied for central generating plants. 
The future availability of natural gas is uncertain. Present reserves 
of natural gas amount to an estimated twelve times our current annual 
production, and the annual discovery of new sources is less than the 
current rate of consumption. 

Estimates by the FPC project a fairly stable level of natural gas 
consumption by the electric utility industry over the next twenty years. 
However, in view of the projected growth of the industry as a whole, the 
share of the total electricity generated is expected to decrease to 8% 
by 1990. This trend could be affected by several technological develop­
ments. one of these is the successful commercial application of coal 
gasification. Another is an AEC program to increase the yield of 
natural gas from underground formations by the underground explosion of 
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nuclear devices. In the meantime, some existing plants using natural 
gas as a· fuel were being converted to oil in spite of the advantages of 
natural gas in the ash and air pollution areas. 

Fuel Oil 

Fuel cil is presently the third most significant source of fossil fuel 
for generating electricity, accounting for 15% of the total generation 
in 1970. However, in the New England- Middle Atlantic area it accounted 
for 82% of the therrral generation, ~rimarily as a result of the 
conversion of coal-burning plants to residual fuel oil in order to meet 
air pollution standards. 

Three types of fuel oil are used in utility powerplants: crude oil, 
distillate oil, and residual oil. A key problem with the use of fuel 
oil, as with the use cf coal, is the sulfur content. At the present 
time, powerplants in the Northeast are burning oil containing less than 
1% sulfur by weight. Domestic supplies of low sulfur crudes are quite 
limited and will not be improved significantly \41en Alaskan oil is 
available in the contiguous United states. As a result, utilities have 
been highly dependent on foreign sources of supply. Major foreign 
sources include Venezuela, and the Middle East. Venezuelan sources must 
be, arid are, desulfurized at the source, while Middle Eastern crudes are 
low in sulfur in their original state. 

With the. future availability of petroleum products of all types in 
question, it appears doubtful that the recent trend toward increased 
burning of oil in ~owerplants will continue in the future. FPC 
projections (1970) indicated a slight increase in the percentage share 
of oil compared to total use of fossil fuels over the next five years, 
with a leveling off thereafter. The price of fuel oil, which had 
remained fairly constant during the early 1960 1 s has increased in recent 
years, and will possitly increase further in the future. 

A possible technological development which might affect the supply of 
fuel oil is the extraction of oil from oil shales. certain areas of 
Colorado, Utah and Wyoming contain large reserves of oil shale, with 
unfavorable economics teing the major cbstruction to the development of 
an oil shale industry. If crude oil prices continue to escalate and oil 
supplies continue to dwindle, the development of this source may become 
economically viable. 

bottom ash problems, although fly 
some fuel oils also contain 
components which may or may not 

Fuel oil use in powerplants minimizes 
ash can continue to be troublesome. 
vanadium and may contain other unusual 
·wind up in a powerplant effluent. 

45 



Refuse 

Emphasis on recycling waste products has increased interest in use of 
another fuel solid waste. Refuse and garbage are not confined to 
kitchen wastes, but include a mixture of all household wastes with 
commercial and industrial wastes. Large-scale inorganic industrial 
wastes are generally not included. The average American domestic refuse 
has many combustibles which raise its heating value to approximately 40% 
of that of coal. Incineration coupled with steam generation has been 
practiced for a considerable period in Europe, where household garbage 
as collected is mixed, especially during the winter months, with the 
ashes of household coal furnaces. Garbage is generally.shredded and 
most non-combustibles are removed by magnetic and centrifugal separators 
before firing to the furnace. However, furnaces must still be designed 
for non-combustible loadings. Garbage is essentially sulfur- free but 
can generate moderate quantities of hydrogen chloride from the 
combustion of polyvinyl chloride and other chlorinated polymers. 
Because of the presence of these materials, studies must be made of the 
removal of acid gases from the furnace stack gases, and the disposal of 
the effluents resulting from these operations. 

At the present time there is one powerplant in the United States that 
burns refuse as part of its fuel. The plant has the capability of using 
as much as 20% refuse with at least 80% coal, although operation to date 
has been limited to 103 refuse and 90% coal. Refuse is not expected to 
be a major source of fuel for the steam electric powerplant industry in 
the immediate future. 

Information on u.s. Generating Facilities 

An inventory of operating steam electric powerplants in the United 
States is presented in Appendix A of this report. The list has been 
divided into ten sections to conform to the ten EPA regions of the 
country. The inventory shows the operating utilities by states, plants, 
and their specific geographic location. It also shows the total plant 
capacity in megawatts, with an indication of whether the plant is 
nuclear or fossil•fueled, and a designation of plants that are under 
construction. Gas combustion turbine facilities operating within 
fossil-fueled generating plants have been indicated on a separate line. 

The inventory shows a total of 1037 operating generating plants in the 
United States as of January 1, 1972, consisting of 1011 fossil-fired 
plants and 26 nuclear plants. A total of 59 plants were under 
construction as of the date indicated. Of this total, 42 are nuclear 
plants and 17 are fossil-fueled plants. Table IV-1 provides a summary 
of the industry inventory by EPA region and individual states. 

Figures IV-3 through IV-5 provide a cumulative frequency distribution 
plot of plant size within the steam electric powerplant industry. It 
can be seen from Figure IV-3 that approximately 50 percent of the plants 
in the industry are 100 MW or larger, and that 25 percent of all plants 
are larger than 400 Mw. Figure IV-4 shows that the size distribution of 
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TABLE IV-1 
INDUSTRY INVENTORY SUMMARY 

PLANTS UNDER 
OPERATING PLANTS CONSTRUCTION 

STATE ~ FOSSIL NUCLEAR FOSSIL NUCLEAR 
EPA Re51i.on 1 

Connecticut 16 13 3 0 0 
New Hampshire 5 5 0 0 0 
Rhode Island 5 5 0 0 0 
Vermont 4 3 1 0 0 
Maine 6 6 0 0 1 
Massachusetts 29 28 1 0 1 

EPA Region 2 
New Jersey 18 17 1 0 1 
New York 39 36 3 1 2 
Puerto Rico 4 4 0 0 0 
Virgin Islands 2 2 0 0 0 

EPA Region 3 
Delaware 5 5 0 0 0 
Maryland 14 14 0 0 1 
Pennsylvania 48 45 3 0 2 
Virginia 15 15 0 0 2 
West Virginia 12 12 0 1 0 
District of Columbia 2 2 0 0 0 

EPA Re51ion 4 
Alabama 10 10 0 0 3 
F.lorida 43 43 0 0 4 
Georgia 13 13 0 3 1 
Kentucky 19 19 0 2 0 
Mississippi 9 9 0 0 0 
North Carolina 12 12 0 1 2 
South Carolina 16 15 1 1 1 
Tennessee 7 7 0 1 1 

EPA Re51ion 5 
Illinois 45 43 2 1 3 
Indiana 29 29 0 1 0 
Michigan 40 38 2 2 4 
Minnesota 48 45 3 0 1 
Ohio 54 54 0 0 3 
Wisconsin 33 31 2 0 1 

EPA Re51ion 6 
Arkansas 10 10 0 0 1 
Louisiana 27 27 0 1 1 
New Mexico 16 16 0 0 0 
Texas 91 91 0 1 0 
Oklahoma 19 19 0 0 0 

EPA Re51ion 7 
Iowa 37 37 0 0 1 
Kansas 32 32 0 0 0 
Missouri 31 31 0 0 0 
Nebraska 15 15 0 0 2 

EPA Re!:{iOn 8 
Colorado 23 23 0 0 1 
Montana 8 8 0 0 0 
North Dakota 9 9 0 0 0 
South Dakota 9 8 1 0 0 
Utah 6 6 0 0 0 
Wyoming 8 8 0 0 0 

EPA Re!:{iOn 9 
Arizona 12 12 0 1 0 
California 39 37 2 0 2 
Hawaii 7 7 0 0 0 
Nevada 6 6 0 0 0 

EPA Re51ion 10 
Alaska 14 13 1 0 0 
Idaho 1 1 0 0 0 
Oregon 6 6 0 0 0 
Washington 9 9 0 0 0 

TOTAL 1037 1011 26 17 42 
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fossil-fueled plants roughly corresponds to the industry profile. 
However, Figure IV-5 illustrates the large size of ·nuclear plants, 
showing that 50 percent of these plants are larger than 800 MW, and that 
25 percent are larger than 1500 MW. 

The Federal Power Commission Form 67, "Steam-Electric Plant Air and 
Water Quality Control Data for the Year Ended December 31, 1969" 
provides data on the capacity utilization, age, etc., of generating 
units. This form rrust be filed annually by plants with a generating 
capacity of 25 MW or greater, provided the plant is part of a system 
with a total capacity of 150 MW or more. 

Size of Uni ts 

According to the Federal Power Commission (FPC) 1970 National Power 
Survey, in 1930, the largest steam-electric unit in the United States 
was about 200 megawatts, and the average size of' all units was 20 
megawatts. over 95 percent of all-units in operation at that time had 
capacities of 50 megawatts or less• By 1955, when the swing to larger 
uni~s began to be significant, the largest unit size had increased to 
about 300 megawatts, and the average size had increased to 35 megawatts, 
(see Figure IV-6). There were then 31 units of 200 megawatts or larger. 
By 1968, the largest unit in operation was 1,000 megawatts; there were 
65 units in the 400 to 1,000 megawatt range; and the average size for 
all operating units had increased to 66 megawatts. In 1970, the largest 
unit in service was 1,150 megawatts; three 1,300-megawatt units were 
under construction; and three additional 1,300-megawatt units were on 
order. The average size of all units under construction was about 450 
megawatts. As the smaller and older units are retired, the average size 
of units is. expected to increase to about 160 megawatts by 1980 and 370 
megawatts by 1990. 

Age of Facilities 

In the steam electric powerplant industry, age of generating facilities 
must be discussed on the basis of units rather than· on a plant basis. 
Generally, the units comprising a generating plant have been installed 
at different times over a period of years, so that the age of equipment 
within a given plant is likely to be distributed over a range of years. 
In addition, age may ~lay a peculiar role in assigning a unit to a 
particular type of operation as outlined below. 

In general, the thermal efficiency of newiy designed power generation 
plants has increased as operating experience and design technology have 
progressed. Early plants generated saturated steam at low pressures and 
consumed large quantities of fuel to produce a unit of electrical 
energy. one electrical kilowatt hour of energy is equivalent to 860 K 
cals (3,413 BTU) of heat energy. Steam pressures and temperatures 
increased from about 1.17 MN/m2 (170 psig) at the turn of the century to 
1.72 - 1.90 MN/m2 (250•- 275 psig) and 293oc (5600F) by World War I, and 
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to 3.10 - 4.48 MN/m2 (450-640 psig) and 370-40ooc (700-750°F) by 1924. 
27 8 In 1924 and 1925 there was a surge to 8.27 MN/m2 (1,200 psig) and 
370°C (700°F) and it has steadily increased since then, until by 1953 
pressures had reached the critical pressure of steam (22.11 MN/m2 (3,206 
psia) and temperatures of 540-565oc (l,OOO-l,OS0°F) .27e Above the 
critical pressure the liquid and vapor phases ~re indistinguishable and 
there is no need for a steam drum (separator). The economic jus­
tification of the supercritical cycle has resulted in a limited number 
of this type of unit to date. 

These changes have had the effect of reducing the amount of fuel 
required to gen~rate a kilowatt hour, as shown in Figure IV~7, taken 
from Reference No. 292. In 1900 it required 2.72 Kg (6 pounds) of coal, 
(41,700 K cals (75,000 BTU) to generate one KWH. Today a supercritical, 
double-reheat unit of Plant no. 3927 has established an annual heat rate 
of 2197 K cals/KWH (8,717 BTU/KWH). 280 This amounts to 0.318 Kg 
(seven-tenths of a pound) of coal per KWH. The heat economies of the 
newer facilities generally make it desirable to keep them in full-time 
base-load operation. The older units with their-higher fuel consumption 
are therefore generally relegated to cycling or peaking service. In 
spite of this general trend, there are indications that heat rates have 
been increasing since 1972 as a result of pressures to reduce capital 
cost in relation tc fuel prices, and increasing use of air and water 
pollution control equipment which·t~nd to reduce generating efficiency. 

A computer plot of heat rate in BTU/KWH vs unit capacity in megawatts (x 
10) is shown in Figure IV-8. The plot is a print-out of data obtained 
from FPC Foi:m 67 for the year 1969. In the plot, data obtained from 
newer plants (under 10 years old) are represented by squares, those 10-
20 years old by triangles, and those over 20 years by x•s. Similarly, 
Figure IV-9 is a printout of the same information replotted with BTU/KWH 
as the ordinate and unit age as the a~scissa. The data from both plots 
represent over 1,000 operating units, and are not conclusive, but do 
show general trends. The newer plants, of larger size, generally are 
more efficient. Thus the data illustrates the improvement in efficiency 
achieved as the industry has progressed to newer and larger generating 
facilities. 

Site Characteristics 

Engineering criteria require an adequate supply of cooling water, 
adequacy of fuel supply, fuel delivery and handling facilities, and 
proximity of load centers. These have always been important factors in 
the selection of powerplant sites. 292 Traditionally, plants have been 
located in or near popilation centers to reduce transmission costs and 
satisfy the other key site factors mentioned. Table IV-2 shows a total 
of 153 plants located in the 50 largest cities of the country. This 
total represents approximately 15 percent of all plants in the industry, 
and does not include suburban plants near the cities in question, or 
urban plants in smaller population centers. Clearly, a significant 
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TABLE IV-2 

URBAN STEAM. ELECTRIC POWER PLANTS 

NUMBER OF 
NO. CITY STATE POPULATION PLANTS 

1 .New York New York 7,894,862 12 
2 Chicago Illinois 3,369,359 4 
3 Los Angeles California 2,809,596 4 
4 Philadelphia Pennsylvania 1,950,098 4 
5 Detroit Michigan 1,513,601 6 
6 Houston Texas 1,232,802 7 
7 Baltimore Maryland 905,759 6 
8 Dallas Texas 844,401 6 
9 Washington D.C. 756,510 2 

10 Cleveland Ohio 750,879 3 
11 Indianapolis Indiana 744,743 3 
12 Milwaukee Wisconsin 717,372 3 
13 San Francisco California 715,674 2 
14 San Diego California 697,027 3 
15 San Antonio Texas 654,153 7 
16 Boston Massachusetts 641, 071 2 
17 Memphis Tennessee 623,530 1 
18 St. Louis Missouri 622,236 3 
19 New Orleans Louisiana 593,471 4 
20 Phoenix Arizona 581,562 1 
21 Columbus Ohio 540,025 3 
22 Seattle Washington 530,831 2 
23 Jacksonville Florida 528,865 3 
24 Pittsburgh Pennsylvania 520, 117 5 
25 Denver Colorado 514,678 3 
26 Kansas City Missouri 507,330 3 
27 Atlanta Georgia 497,421 1 
28 Buffalo New York 462,768 1 
29 Cincinnati Ohio 452,524 2 
30 San Jose California 445, 779 0 
31 Minneapolis Minnesota 434,400 2 
32 Fort Worth Texas 393,476 3 
33 Toledo Ohio 383,818 2 
34 Newark New Jersey 382,288 1 
35 Portland Oregon 380,555 2 
36 Oklahoma City Oklahoma 368,856 2 
37 Louisville Kentucky 361,958 4 
38 Oakland California 361,561 1 
39 Long Beach California 358,633 2 
40 Omaha Nebraska 346,929 4 
41 Miami Florida 334,859 1 
42 Tulsa Oklahoma 330,350 1 
43 Honolulu Hawaii 324,871 1 
44 El Paso Texas 322,261 2 
45 St. Paul Minnesota 309,828 2 
46 Norfolk Virginia 307,951 3 
47 Birmingham Alabama 300,910 2 
48 Rochester New York 296,233 3 
49 Tampa Florida 277, 767 4 
50 Wichita Kansas 276,554 4 

Total 152 
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number of existing plants in the steam electric generating industry are 
situated in locations which interface with a reasonable percentage of 
the country's population. 

The trend in recent years toward larger units, combined with the advent 
of commercial nuclear power generation and the institution of mine-mouth 
coal-fired plants has resulted in a greater number of plants being 
constructed in rural areas. Site selection for new generating 
facilities is not only governed by the factors cited, but increasingly 
by environmental considerations. The prevention and control of air and 
water pollution is undoubtedly as important as many of the traditional 
factors involved in the selection of new plant sites. Factors generally 
considered in decisions on plant location include land requirements, 
water supply, fuel supply and delivery, etc. 

Land requirements are quite variable. For plants situated near 
population centers, land cost is a Frime consideration. The largest 
consumers of land are the fuel storage area, ash disposal area and water 
cooling ponds, lakes etc. if utilized. Since they are public utilities, 
power generating plants must have sufficient fuel storage capacity to 
allow uninterrupted OFeration for the duration of a major transportation 
strike. This means that unless the plant is very near its source of 
supply, it must have a storage capability up to approximately three 
month's fuel. Even mine-mouth plants must have fuel storage to allow 
them to withstand a miners• strike. 

Most steam plants require water for two main purposes boiler feed 
water make-up and steam condensation. The cost of preparation of the 
high purity boiler feed water required by modern boilers is a function 
of the purity of the source water. It is possible to use saline water 
for cooling purposes, but it cannot be used in a boiler. Preparation of 
boiler feed from saline water by evaporation or reverse osmosis is 
generally quite expensive. The availability of large quantities of 
cooling water has traditionally affected the decisions made regarding 
plant location. In areas where water is critically short, recirculation 
of cooling water using cooling towers or ponds has been widely 
practiced. This subject is discussed in detail in subsequent sections 
of this report. 

Plant location may also be influenced by energy transportation costs. 
The cost of transmission of energy as electricity must be weighed 
against the cost of transporting fuel. Generally, fuel availability and 
economic factors will be the major considerations regarding the 
relationship between fuel and plant siting. 

Air Pollution Control 

The methods used to control atmospheric pollution by stack gases vary. 
With plants burning solid fuel, a particulate emission problem may 
exist. The usual control system is the electrostatic precipitator. 
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Finely divided solid particles suspended in a gas stream will accept an 
electrostatic charge when they pass through an electrical field. If 
they are then passed between two oppositely charged plates, they are 
attracted to one of the plates, depending on the polarity of the 
charges. On the plates they agglomerate and may be removed by rapping 
the plates. This operation is usually carried out at temperatures 
between 121° and 177oc (250-35QOF). Finely divided solids may also be 
removed from the vent gases by using bag filters or by intimately 
contacting them with water in a venturi scrubber or similia·r device. 

sulfur dioxide in stack gases can present another air pollution problem. 
This, of course, is most easily controlled by firing low sulfur fuel, 
which is a relatively costly procedure. Many alternatives have been 
proposed to remove the soi, and several are being tried on a commercial 
scale. Most involve neutralization of the acid 502 .with alkaline 
materials such as soda ash, lime, limestone, magnesia-or dolomite, and 
ammonia. The processes developed to date consist of both once-through 
and recycle systems. A detailed analysis of air pollution control 
systems which produce a liquid waste stream is presented in another 
section of this report. 

Mode of Operation (Utilization) 

The need for considering a subcategorization of the industry based on 
utilization arises because of the costs and economics associated with 
the installation of supplemental cooling facilities. The unit cost 
increment (mills/KWh) required to amortize the capital costs of the 
cooling system is dependent on the remaining KWh's that individual units 
will generate. The remaining generation is a function of both the 
manner in which the individual unit is utilized and the number of years 
that the unit will cperate prior to retirement. These two factors are 
not fully independent variables. In general, utilities will employ 
their most efficient, usually newest equipment most intensively. This 
equipment will also generally have the longest remaining useful life. 
The cost of installing supplemental cooling water equipment for these 
units relative to the remaining generation will therefore be relatively 
low. Therefore, these more modern, high-utilized units, which also 
would reject relatively large amounts of the waste heat, are better able 
to carry the costs associated with thermal effluent control. 

Less efficient, usually elder equipment will be utilized to a lesser 
degree to meet daily and seasonal peak loads. This la..Ter annual 
utilization is compounded by the fact that this equipment has relatively 
fewer remaining years of service prior to retirement. Therefore, the 
cost of amortizing supplemental cooling equipment for these units .will 
be substantially higher than for the newer, more highly utilized units. 
Because of their lo~ utilization, these units will reject considerably 
less heat per unit of capacity than the newer equipment. Also, because 
.of the higher costs associated with this equipment, utilities might 
consider early retirement of much of this equipment rather than the 
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installion of costly treatment equipment. Since these units provide an 
important function as peaking or standby capacity, retirement prior to 
the installation of replacement capacity would have associated 
penalties. 

According to the FPC National Power survey (1970), all of the high• 
pressure, high-temperature, fossil-fueled steam-electric generating 
uni ts, 500 megawatts and larger, have been designed as "base load" units 
and built for continucus operation at or near full load. Daily or 
frequent "stops" and "starts" are not consistent with their design and 
construction and so-called "cycling" or part-time variable generation 
was not originally comtemplated for these units. However, by the time 
units having lower incremental production costs become available for 
base load operation, it is believed that the earlier "base load" units 
can be adapted and used as "intermediate" peaking mits. The units 
placed in service during the 1960 1 s still have 15 or more years of base 
load service ahead of them, but eventually the installation of more 
economical base load equipment may make it desirable to convert to 
peaking service those units which are suitable for such conversion. 

Steam-electric peaking units, sometimes referred to as mid-range peaking 
units, are designed fer minimum capital cost and to operate at low 
capacity factor. They are oil- or gas-fired, with a minimum of 
duplicate auxiliaries, and operate at relatively low pressures, 
temperatures, and efficiencies. They are capable of quick startups and 
stops and variable loading, without jeopardizing the integrity of the 
facilities. such units are economical because low capital costs and low 
annual fixed charges offset low efficiency and operation at low capacity 
factors. The units can, however, be operated for extended periods, if 
needed, to meet emergency situations. 

The first of such fossil-fueled steam-electric peaking units, a 
100-megawatt, 1,450 psi, 1000°F., non-reheat, gas-fired unit, was 
installed in 1960. ~wo earlier low capital cost fossil-fueled 
steam-electric plants--a 69-megawatt, single-unit plant (1952), and a 
313-megawatt, two-unit plant (1954)--were generally classified as hydro 
standby; they were not straight peaking installations. The 313-megawatt 
plant was later modified for base load operation. 

With increasing loads and the accompanying need for additional peaking 
capacity, at least 27 peaking units of this general type were on order 
or under construction at the end of 1970. All are either oil- or 
gas-fired, because the added costs of coal and ash handling facilities 
for peaking units are not justified by the small fuel cost saving that 
might be realized by using coal. Eight of the 27 units are in the 250 
to 350-megawatt class, fifteen in the 400-megawatt class, and four in 
the 600•megawatt class. Most of the units are designed for steam 
conditions of 1,800 psi and 9S00/9SOOF. 
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The use of the nuclear power plant in conjunction with other forms of 
generation in order to ~rovide energy to meet the daily requirements of 
a power system will probably not be vastly different from the use of a 
fossil-fueled plant of the same capacity. There are some differences, 
however. that may affect the operation of the nuclear plant, such as 
relative operating costs. refueling time, inspections, 

Because an ecaiomic loading schedule for a power system will tend to 
favor operation of units with the lowest incremental production cost, 
the capacity factor of a nuclear fueled plant is expected to be 
relatively high when it is added to a system consisting of fossil-fueled 
plants. However, when newer. more efficient nuclear plants are added to 
the system. which can operate with even lower production costs, the 
first nuclear plants ~ill begin to have decreasing capacity factors. 
Most of the plants that have been ordered during the past three years 
will probably have annual capacity factors of 80 percent or better for a 
period of ten to fifteen years, depending on the operating requirements 
and makeup of the system. The acceptance of the breeder reactor will 
introduce another factor in the economic evaluation of light water 
reactor operation as the water reactors produce the plutonium utilized 
so efficiently by the breeder. Ultimately, however, the water reactors 
may become the marginal operating plants on a utility's system. 

The limited operating experience to date with the comparatively small 
nuclear plants indicates that they are able to handle load swings 
without difficulty. It is expected that the larger units now on order 
will perform similarly, but it may develop that they will not be 
amenable to load regulation. In the event, fossil units, pumped-stroage 
units, conventional hydro units, or other types of peaking units will be 
installed to carry peak load with nuclear units being maintained at base 
load for substantially all of their useful lives. If nuclear units are 
to be utilized with very low annual capacity factors, substantial 
research and engineering effort must go into the determination of core 
designs to economically accomplish this type of operation. · 

Base-load units are responsible for the bulk of the thermal discharges, 
will continue to o~erate for many more years, and are able to support 
the required technology with relatively small increases in the bus-bar 
cost of power. The balance of the steam-electric power generation 
inventory is made up of older equipment, which reject considerably less 
heat and for which the cost of installing control and treatment 
technology would be considerably higher relative to the effluent 
reduction benefits obtained. It is understood that considerable 
abatement will take place in time in this older portion of the inventory 
due to normal attriticn. 

Traditionally, the power industry has employed two categories for 
generating equipment. Units ·that are continuously connected to load, 
with the exception of scheduled and unscheduled maintenance periods have 
been termed .base-loaded units. Units which are operated to meet 
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seasonal peak loads have been termed Feaking units. Daily load swings 
have usually been met by modulation of the base-loaded units. More 
recently, the increased cycle sophistication built into the newer base­
loaded equi~ment has made them less efficient in accommodating large 
daily load swings. Therefore, a tnird type of capacity called cyclic or 
intermediate generation unit has come into general acceptance within the 
industry. This third type of unit is usually a downgraded base-loaded 
unit which can be adai;:ted to the intermittent operation with fairly 
rapid load swings. 

The progression of individual units of capacity through the three types 
of duty assignments general.ly follows the sequence given below: 

1. New steam electric capacity has historically been added as base­
load units. All but a few existing st~am electric generating units were 
at one time base-loaded units. Beginning in the .middle 1960's some new 
peaking units, both steam electric and gas turbine types have been 
constructed. More recently (late 1960's early 1970's) several units of 
the combined (gas turtine/steam turbine) cycle design have been designed 
specifically for cyclic or intermittent duty. The aggregate existing 
capacity of units originally built for peaking or cyclic service is 
considerably less than 1% of the total steam electric inventory. 

2. Cycling capacity and peaking capacity has been obtained by 
downgrading the older less efficient base-loaded equipment as more 
efficient replacement capacity has been built. The manner in which a 
unit is downgraded deFends upon the needs of the individual utility and 
the requirements of its system load curve. Toward the end of its useful 
life, the unit may be held in standby duty to be used only in the event 
of an outage to the other units. 

3. Units have been retired from the bottom level of utilization. 
Therefore, retirements of steam electric capacity have generally been 
made from the peaking inventory. While the annual retirement of steam 
electric powerplant capacity have been significantly less than 1% of the 
total capacity, this amount constitutes a significant portion of the 
present peaking inventory. 

The typical utility makes duty assignments by comparing the capability 
of its available generating units against the requirements of its system 
load curve. Efficient system operation dictates that the most efficient 
equipment be operated continuously. These are the base-loaded units. 
In descending order, the less efficient equipment is assigned lower 
utilization duty to meet daily and seasonal variations in the load 
curve. The process of matching capacity to load is different for each 
utility. The systerr load curve will be different for each utility as 
will the capability of its individ~al generating units. 

Large systems will have sufficient diversity of load which will dampen 
extreme peaks and valleys in the characteristic load curve. They will 
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also have multiple units serving each of the load segments and 
considerable flexibility in making duty assignments. Individual large 
industrial loads may dominate the system load curve for smaller 
utilities and highs and lows of lo~d may be more exaggerated. Duty 
assignments far smaller systems will be more constrained by the lack of 
multiple units and single units may be found which service all three 
load segments. Duty assignments are also influenced by the needs of the 
regional power grid in which most utilities participate through a series 
of agreements governing interconnections. 

The diversity in both load and available capacity complicates the 
process of establishir.g concrete limits between the three types of 
generating equipment. !he following bases of establishing definitions 
of base-load, cyclic and peaking units have been considered. 

1. Qualitative descriptions of the three types of operation. 

2. Annual hours cf operation. 

3. Plant index numbers such as load factor, capacity factor, 
utilization factor, etc. 

The relative merits of definitions based on these systems are discussed 
below. The ideal definition should be relatively easy to employ, allow 
effective separation of the three types of generation, and be understood 
and accepted. 

Definitions Based on CUalitative Description of the Three Types of 
Generation 

This would rely on a description of the three types of generation as the 
basis of separation. suggested definitions of the three types of 
generation are as follows: 

A base-loaded unit is one which is continuously connected to load except 
for periods of scheduled or unscheduled maintenance. 

A cycling unit is one which services daily load variations above the 
base-ioaa. This ty~e of unit is tyfically connected to load some 250 
days per year for a typical period of about 12 hours. When not 
connected to load the boiler is kept warm to allow rapid return to the 
system. 

A peaking unit is one which is operated to meet seasonal peak loads 
only. During periods of operation the unit is held in standby or is 
shut down. 

This type of classification system would require a designation by the 
utilities as to which units are in each group. This could be validated 
by EPA's field representatives. These definitions would probably be 
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generally accepted ty the industry. The base-loaded units could be 
identified on the basis of these definitions. some disagreement would 
be expected concerning the differentiation between cycling and peaking 
units under these definitions. 

Definitions Based on Annual Hours of Operation 

It is clear that a tasic difference between the three types of 
generation is the amount of time tnat the different units operate. 

Reference 292, Part II suggests that steam peaking units are designed to 
operate less than 2,000 hours per year. Reference 256 indicates that 
base-load units operate in excess of 6,000 hours per year. Units which 
operate between these two limits would be defined as cycling units. The 
hours of operation referred to in this system are hours that the unit is 
connected to load. Hours of boiler operation are not satisfactory. 
There is considerable difference in hours of boiler operation and hours 
connected to load for cycling and peaking units. Hours of condenser 
operation could be used as a substitute since it is equivalent to hours 
connected to load. See Table IV-3 for the heat rate, service life, and 
capacity factors characteristic of units within the above groupings 
based on hours of operation. 

Historical records cf annual hours of operation are required to employ 
this sytem. There will be instances ~here base-loaded units will have 
been operated less than 6,000 hours per year because of extended 
maintenance requirements. On the other hand there will be cases of 
stretching out the operating schedules of peaking and cycling units 
because of capacity shortage in particular systems. This system does 
have the advantage of a basic simplicity in discriminating between the 
different categories cf generation. 

Definitions on the Basis of Unit Indices 

This would require relating the utilization of a unit to indices of its 
performance. Several of these indices are described below. 

Load Factor 

Load factor is the ratio of the average demand for power (kilowatts) 
over a designated period to the maximum demand for power occurring in 
that period. The average demand is the total (kilowatt hours) for the 
period divided by the total time span (hours). For example, in the 
twelve months ended December 31, 1971, the electric energy generated and 
purchased less sales to other electric utilities amounted to 
35,720,253,101 KWHRS. Th€ one-hour net maximum demand was 7.719,000 KW. 
The average hourly derrand was, consequently, 35,720,253,101 / 876C = 
4,078,000 KW. The annual system load factor is, therefore, 4,078,000 I 
7,719,000 = 0.528 or 52.83. The load factor may be regarded as 
providing some measure of the variation of demand during a given period. 
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O'I 
U1 

Annual Hours 
Operation 

0 - 2000 

2000 - 6000 

6000 - 8760 

Table IV-3 

CHARACTERISTICS OF UNITS BASED ON ANNUAL 
HOURS OF OPERATION 

of Heat Rate, Btu/kwhr Remaining Service' 
Min. Mean Max. Min. Mean Max. 

8727 15793 27315 1 11 26 

8735 12493 27748 1 15 26 

8706 10636 26741 1 19 32 

* Note: Based on a total service life of 36 years. 

yr Capacity Factor 
Min. Mean Max. 

.01 .01 .17 

.03 .35 .71 

.15 .67 1.12 
' 



Thus, if the load factor is 100% over a period of 24 hours, we at once 
know that the demand bas been maintained constant for the duration of 
the period. 

Operating Load Factor 

If the maximum demand varies from day to day, then the operating load 
factor is the ratio of the average demand to the average value of the 
maximum demands for the period. For example, the daily maximum demands 
for a ten-day period and the corresponding KWHRS are as follows: 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Totals 

Maximum Demand 

Maximum Demand 
KW -------

1,000 
950 
800 
980 
700 
850 
500 
750 
820 
900 

8,250 

Average Maximum Demand = 8,250 / 10 = 
Average Demand = 124,000 / (10 x 24) = 

Kilowatt Hours 
-~_g_a_y __ 

19, 200 
13,700 
14, 400 
9,700 

10,900 
18,000 

7,000 
10,000 
9,100 

_--1b,OOO 

124,000 

1, 000 KW 

toad Factor = (517 / 1000) x 100 = 
Operating Load Factor = (517 / 825) x 100 = 

825 KW 
517 KW 
51. 7% 
62.6% 

Thus the operating load factor takes into account the variation of the 
daily maximum demand. 

Capacity Factor 

Capacity factor defines the relaticn between energy output over a given 
time span and the capacity for energy i:roduction over the same time 
span, and normally prcvides measure of the utilization of the generating 
equipment relative to investment. This factor is also a ratio of the 
average load to the total rating of the installed generating equipment 
for a given period. For example, in the twelve months ended December 
31, 1970, one unit generated 4,465,175,600 KWHRS (exclusive of gas 
turbine generation). The maximum unit capacity (winter rating) was 
878, 000 KW. The average hourly load was 4,465, 175, 600 / 8760 = 509 1 723 
KW. The annual capacity factor is therefore, 509, 723 / 878,000 = 0.5806 
or 58.1%. 
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Operating Capacity Factor 

Although a plant may have installed equipment of a certain amount of 
generating capacity, cnly part of this may be in actual operation for 
the given period. Su~pose for a certain generating plant the capacity 
of the installed equipment is 770,000 KW and for some particular month 
only 600,000 KW · of boiler capacity is actually operating. This means 
that the maximum demand that can be imposed on the plant is limited to 
600,000 KW. The operating capacity factor for the month ·would then be 
in the ratio of the average demand for power to 600,000 KW, the ·maximum 
capacity utilized. This factor therefore, determines the relation 
between average output and the peak demand for power which the plant is 
prepared to meet. 

Use Factor 

This term is generally used in connection with the performance of 
turbo-generators. It is the ratio of the actual energy output of a 
machine during a certain period to the energy generation which could 
have been obtained during the actual operating hours in that period by 
operating the machine at rated capacity. A turbo-generator operating 
for 7,000 hours generated 350,000,000 KWHRS. The rated capacity of the 
unit is 100,000 KW. The use factor was 350,000,000 / (100,000 x 7,000) 
= 0.5 or 503. 

Section 304(b) of the Act requires the Administrator to take into 
account, in determining the applicable control measures and practices, 
the total cost of application of technology in relation to the effluent 
reduction benefits to be achieved from such application. Among the 
above factors, the capacity factor alone would determine, for otherwise 
similar circumstances, the incremental capital cost associated with the 
application of pollution control technology in relation to the effluent 
reduction benefits to be achieved. Similarily, the capacity factor 
could determine, in relation to the effluent reduction benefits, the 
incremental production cost and the incremental reduction in reserve 
margin due to lost generating capacity. 

The 1970 National Power Survey by the Federal Power commission (FPC) 
describes base-load, intermediate, and peaking units as follows. Base­
load units are designed to run more or less continuously near full 
capacity, except for periodic maintenance shutdowns. Peaking units are 
designed to supply electricity principally during times of maximum 
system demand and characteristically run only a few hours a day. Units 
used for intermediate service between the extremes of base-load and 
peaking service must be able to respond readily to swings in systems 
·demand, or cycling. Units used for base-load service produce 60 
percent, or more, cf their intended maximum output during.any given 
year, i.e., 60 percent, or more, capacity factor; peaking units less 
than 20 percent; ana cycling units 20 to 60 percent. The FPC Form 67, 
which must be submitted annually by all steam electric plants (except 
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small plants or plants in small systems) reports an~ual boiler capacity 
factors for each boiler. The boiler capacity factor is indicative of 
the gross g·eneration of the associated generating unit. 

Categorization 

The Act requires, for the purposes of assessment of the best practicable 
control teclmology currently available, that the toal cost of 
application of technology in relation to the effluent reduction benefits 
to be achieved from such application be considered. other factors to be 
considered are the age of equipment and facilities involved, the process 
employed, the engineering aspects of the application of various types of 
control techniques, frocess changes, nonwater quality environmental 
impact (including energy requirements) and other factors as deemed 
appropriate. For best available technology economically achievable the 
Act substitutes "cost of achieving such effluent reduction" for "total 
cost • • • in relation to effluent reduction benefits ••• " For new source 
standards which reflect the greatest degree of effluent reduction 
achievable through the application of the best available demonstrated 
control technology, processes, operating methods, or other alternatives, 
the Act requires only the consideration of the cost of achieving such 
effluent reduction and any nonwater quality environmental impact anc 
energy requirements. 

There are two radically different types of waste produced by steam 
electric powerplants. Tbe first type consists of the essentially 
chemical wastes which originate from different processes and operations 
within a plant. These wastes are highly variable from plant to plant, 
depending on fuel, raw water quality, processes used in the plant and 
other factors. Some waste streams are not directly related to in­
dividual generating units but result from auxiliary process systems such 
as water treatment, ash disposal, housekeeping operations, and air 
poll.ution control. However, all of these waste streams are at least in 
a qualitive way comparable to waste streams produced by other 
manufacturing operations. 

The second type of waste consists of the waste heat produced by the 
plant and disposed to the environment through the cooling water system. 
As previously indicated, waste heat is an integral part of the process 
of producing electric energy. As long as electric energy is produced by 
the use of thermal energy from fuels to produce steam, waste heat will 
be produced, and will ultimately have to be dissipated to the 
environment. Under i;:resent day technology, the atmosphere is the final 
recipient for this heat, but water is generally used as an intermediate 
recipient. The choices available in the control of thermal discharges 
therefore in most cases are limited to accelerating the transfer of the 
waste heat from water to the atmosphere. There is no available means of 
significantly reducing the waste heat itself. 
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Furthermore, while the technology for -affecting this transfer is 
available, its application is dependent on many factors not directly 
associated with the production process. The effectiveness of heat 
transfer devices is tc scme degree governed by atmospheric conditions. 
The achievement of any specific level of reduction does not follow the 
type of cost - effectiveness curve associated with the removal of more 
conventional pollutions. 

The basic categorization in this report therefore is to separate 
consideration of the chemical wastes from the effects of thermal 
discharges. Within the chemical waste category, each plant is 
considered as a whole and sub-elements have been established according 
to the type of wastes produced by each plant. In the consideration of 
thermal discharges, each generating unit is considered separately. 

Chemical Wastes 

The origin and character of chemical wastes within a powerplant is 
dependent upon the factors indicated above. Plants utilizing different 
fuels will produce different wastes to the degree that certain waste 
streams are completely absent in plants employing one type of fuel. 
Coal pile runoff is not a problem in oil-fired plants, and similarly ash 
sluicing is not necessary in gas-fired plants. Nuclear plants have 
closed waste systems to contain any waste which is, or may be, 
radioactive. These wastes a're handled in a manner prescribed by the 
Atomic Energy Commission, and are not relevant to the categorization of 
the industry for the purposes of this project. As a result, many of the 
waste streams present in fossil-fired plants are not normally present, 
or of concern in a nuclear plant. 

Another factor, such as raw water quality, will determine the type of 
water treatment employed within a specific plant, and in turn the wastes 
produced from water treatment processes. Although these wastes are 
extremely variable, depending upon the treatment employed 
(clarification, softening, ion exchange, evaporation, etc), they are 
wastes which are common to all powerplants regardless of fuel or other 
factors. Other waste streams depend upon the specific characteristics 
of the particular plant in question. 

As a result, the industry has been categorized for chemical waste 
characteristics by individual waste sources. The basis of evaluation of 
plants in the industry ~ill be a combination of the appropriate waste 
sources for a particular powerplant. Guidelines will be established for 
each waste source, anc can then be applied and utilized in the manner of 
a building-block concept. Waste streams may be combined, and in many 
cases this would have obvious advantages, and the appropriate guidelines 
would then also be combined for application to the new waste stream. 
Subcategories have been based on distinguishing factors within groups of 
plants. Table IV- 4 provides the informal categorization for the 
purposes of the development of effluent limitations guidelines and 

69 



I. 

rr. 

III. 

IV. 

TABLE rv-4 
CHEMICAL WASTE CATEGORIES 

Condenser cooling System 
A. Once-through 
B. Recirculating 

Water Treatment 
A. Clarification 
B. Softening 
c. Ion Exchange 
D. Evaporator 
E. Filtration 
F. Other Treatment 

Boiler or PWR steam Generator 
A. Blowdown 

Maintenance Cle4ning 
A. Boiler or PWR Steam Generator Tubes 
B. Boiler Fireside 
c. Air Preheater 
D. Misc. Small Equipment 
E. Stack 
F. Cooling Tower Basin 

v. Ash Handling 

VI. 

VII. 

A. Oil-Fired Plants 
1. fly ash 
2. bottom ash 

B. Coal-Fired Plants 
1. fly ash 
2. bottom ash 

Drainage 
A. Coal Pile 
B. Contaminated Floor and Yard Drains 

Air Pollution Control Devices 
A. SO.£ Removal 

VIII. Miscellaneous Waste streams 
A. Sanitary wastes 
B. Plant Laboratory and Sampling Systems 
c. Intake Screen Backwash 
D. Closed Cooling Water Systems 
E. Low-Level Rad Wastes 
F. Construction Activity 
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standards for chemical wastes, and Table IV-5 shows the applicability of 
the categories to ~lants utilizing the four basic fuels for producing 
e lectri city. 

Thermal Discharge Characteristics 

The most obvious factor influencing the rejectiai of waste heat to 
navigable waterbodies is the type of condenser cooling system utilized 
within a plant. Powerplants which recycle cooling water through a 
cooling device only affect the receiving water by way of the relatively 
small blowdown stream from the cooling tower, pond, etc. On the other 
hand, plants aperating with once-through cooling systems are primarily 
responsible for the discharge of waste heat to receiving waters. 
consequently, the basic subcategorization for thermal discharge 
characteristics divides the generating units by type of cooling system 
utilized, into plants having recirculating cooling systems, or once­
through cooling systeas. 

As indicated above, the primary factor in consideration of waste heat 
rejection is the generating unit in question. Therefore, 
subcategorization of once-through cooling systems has been made on a 
unit, rather than a ~lant basis. The evaluation of generating units to 
further sub-divide the industry considered in detail the varidus factors 
described in this section of the r€port; namely, fuel, size, age, and 
site characteristics and mode of operation utilized. The evaluation of 
these factors will be described below to provide the rationale for the 
subcategorization developed. 

The consideration of fuel as a factor in waste heat rejection from a 
powerplant essentially focuses on the differences between present 
nuclear and fossil-fueled units. In general, the inherent 
characteristics of a light water nuclear unit make it less efficient 
than fossil-fired units. This difference in efficiency results in the 
rejection of more waste heat to receiving waters from nuclear units than 
from comparable fossil units. Subsequent sections of the report will 
discuss the technical factors which cause this difference. 

Nuclear units generally have basic .similarities with regard to age, 
size, location and utilization which also tend to differentiate them 
from fossil-fueled units. Nuclear units can be generally classified as 
being relatively new; relatively iarge, located in rural or semi-rural 
areas, and operated as base-load facilities. 

These factors are extremely variable when applied to fossil-fueled units 
on a broad basis. Also, the thermal waste characteristics of units 
burning different fossil fuels indicate that there is no basis for 
distinguishing between fossil fuels for the thermal categorization of 
the industry. consequently, the basic subcategorization of once-through 
cooling systems divides the industry between nuclear and fossil-fueled 
units. 
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TABLE IV- 5 
APPLICABILITY OF CHEMICAL WASTE CATEGORIES 

BY TYPE OF FUEL 

I. Condenser cooling System 
A. Once-through 
B. Recirculating 

x 
x 

II. Water Treatment 
A. Clarification 
B. Softening 
c. Ion Exchange 
D. Evaporator 
E. Filtration 
F. Other Treatment 

x 
x 
x 
x 
x 
x 

III. Boiler or Generator Blowdown x 

IV. Maintenance Cleaning 
A. Boiler or Generator Tubes 
B. Boiler Fireside 
c. Air Preheater 
D. Misc. Small Equipment 
E. Stack 
F. Cooling Tower Basin 

x 

x 

V. Ash 
A. Bottom Ash 
B. Fly Ash 

VI. Drainage 
A. Coal Pile 
B. Floor and Yard Drains 

VII. Air Pollution (SOl) Control Devices 

VIII. Miscellaneous 
A. Sanitary Wastes x 
B. Plant Laboratory and 

Sampling streams x 
c. Intake screen Backwash x 
D. Closed Cooling Water systems X 
E. Low-Level Rad Wastes x 
F. Construction Activity x 
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x 
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x 
x 
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x 
x 
x 

x 

x 
x 

x 
x 
x 
x 
x 
x 

x 

x 
x 
x 
x 
x 
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x 

x 

x 

x 

x 
x 
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x 

x 
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x 
x 
x 
x 
x 
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x 
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A major factor of concern with regard to fossil-fueled generating 
facilities is the utilization of individual units. An earlier portion 
of this section of the report described the relationship of this factor 
with age and with efficiency or heat rate of a generating unit. In 
addition to this aspect of utilization, another point of concern is the 
relationship between utilization and the cost of installing facilities 
to treat waste heat. Utili.zation is significant in economic analysis, 
as it provides the operating time against which capital costs may be 
applied. Furthermore, utilization reflects the effluent heat reduction 
benefit to be achieved by the application of control technology. As 
defined earlier, the utilization aspect of power generation is defined 
by peaking, cycling and base load generating facilities. Peaking units 
are defined as facilities which have annual capacity factors less than 
0.20, while cycling units have annual capacity factors between 0.20 and 
0.60 and base-load units have annual capacity factors in excess of 0.60. 

some difficulty could be encountered, for the purpose of effluent 
limitations, in determining the level of utilization that a generating 
unit will achieve in the years to come. It is known, however, that all 
of the nuclear steam-electric generating units and all of the 
high-pressure, high-temperature, fossil-fueled units 500 megawatts (MW) 
and larger have been designed as base-load units. Almost all nuclear 
units are 500 MW and larger. 

All of these units presently operating were placed into service since 
1960 (excepting only one small nuclear unit initially operated in 1957). 
The units placed in service during the 1960's had 15 or more years of 
base-load service ahead of them as of 1970, and would thus have 8 or 
more years of base-load life as of 1977. 

A further difficulty that could be encountered in determining the level 
of utilization of a generating unit relates to the fact that the only 
official record of the utilization of individual generating units is the 
Form 67 "Steam-Electric Plant Air and Water Quality Control Data", which 
must be filed annually with the Federal Power Commission. Utilities are 
required to report the capacity and average annual capacity factor 
(level of utilization) for each boiler, but not the turbine-generator. 
Furthermore, prior to 1950, individual boilers were kept small, in large 
part because boiler outages were rather numerous, so that it was common 
design practice to provide multiple boilers and steam header systems to 
supply a turbine-generator. some stations have the headers connected to 
multiple turbine-generators. Hence, the problem could arise in these 
cases as to what comprises a generating unit (boiler(s) plus 
turbine-generator) and what is its level of utilization. Furthermore, 
the problem of applying a closed-loop cooling system could be more 
difficult where multiple boilers supply single or multiple 
turbine-generators due to the physical and operating problems arising 
from the multiple connections involved. 
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However, advances in metal technology since 1950, with associated lower 
costs of larger units, have made it economical and reliable to have one 
boiler per turbine-generator. The trend to the larger, one boiler per 
turbine-generator units began to be significant when the first 300 MW 
unit was placed into service in 1955. From 1930 until that time the 
largest steam electric unit in the u.s. was about 200 MW. Hence, for 
units 300 MW and larger, the unit itself and its level of utilization 
are clearly defined and the physical and operating problems associated 
with a closed-loop cooling system and arising from the multiple 
connections involved are not encountered. 

Age was identified in the Act as a factor to be taken into account in 
the establishment of effluent limitation guidelines and performance 
standards. As indicated above, the interrelationship between age, 
utilization and efficiency, has generally been well documented in the 
steam electric generating industry. Age is also important because the 
remaining life of equip111ent provides the basis for the economic write­
off of capital investment. Consequently, age is of significance in 
subcategorizing steam electric generating units not only for technical 
reasons, but also for economic considerations. 

Federal Power commission depreciation practices indicate the estimated 
average service life of equipment for steam elecelectric production to 
be 36 years 87. Figure IV-7, which shows the improvement of efficiency 
in the generation of electricity since 1920, indicates a sudden dip in 
the curve in approximately 1949, or 24 years ago. Based on this process 
factor and the anticipated service life of equipment, it was decided to 
subcategorize fossil-fueled units by age, with 6 (six-year) 
subcategories defining the range of age with regard to generating units. 

Site characteristics were considered as a possibility for 
subcategorization of the industry for thermal discharges. The basic 
consideration involving location related to the situation of a plant 
with regard to its cooling water source (ocean, river, estuary, lake, 
etc.) • However, categorization along these lines would in reality 
violate the intent of the Act, which stresses national uniformity of 
application and is technology oriented. The control and treatment of 
waste heat is essentially an internal matter within a powerplant. 
Absolute location will influence the cost of such control and treatment, 
but will not generally determine its feasibility. This type of location 
factor is primarily related to environmental considerations, which are 
taken into account under section 316 of the ~ct. consequently, it was 
decided not to establish any subcategories for thermal waste 
characteristics based on location. 

Size was another factor which conceivably coul~ rorm the 
thermal waste subcategorization of the steam electric 
industry. Among these technical and economic factors 
relative to the size of a unit were availability and 
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practicability of control and treatment technology, and unit costs of 
control a~d treatment technology with relation to other generating 
costs. The primary basis for a size subcategorization would be the 
precedent established by the Federal Power Conunission with regard to the 
requirements for Filing Form 67, "Stearn Electric Plant Air and Water 
Quality Control Data". The FPC does not require filing of this form by 
powerplants smaller than 25 megawatts, or plants larger than 25 
megawatts which do not belong to a utility system with a capacity equal 
to, or greater than 150 megawatts. Size subcategorization based on this 
precedent was seriously considered, because the form in question 
outlines the environmental details of each powerplant required to 
respond. 

However, investigation indicated that the exclusion of smaller units was 
based primarily on procedural considerations rather than technical 
factors. There is no significant technical factor which suggests 
division of the industry on the same basi~ as established by the 'FPC. 
In addition, other subcategories based on size were also considered. 
However, no technical or economic bases were found to justify 
subcategorization by size of unit or plant. It was therefore decided 
not to establish formal subcategories on the basis of size of facility. 

As a result of evaluation of the factors outlined above, informal 
categorization for the purposes of the development of effluent 
limitations guidelines and standards for heat includes a division 
between nuclear and fossil units and further division of fossil units 
based on utilization, all followed by age considerations (six groups 
covering the span of 36 years}. 

Sununary 

In summary, the most significant of the basic components of all steam 
electric powerplants which relate to waste water characteristics are the 
fuel storage and handling facilities, water treatment equipment, boiler, 
condenser, and auxiliary facilities. Stearn electric powerplants 
(plants} are comprised of one or more generating units. A generating 
unit consists of· a discrete boiler, turbine-generator and condenser 
system. Fuel storage and handling facilities, water treatment 
equipment, electrical transmission facilities, and auxiliary components 
may be a part of a discrete generating unit or may service more than one 
generating unit. The characteristic quantity and intensity of the waste 
heat transferred in the condenser from the expended steam to the cooling 
water is related to the combined characteristics of the plant components 
that are its source. 

·The general subcategorization rationale is summarized in Table IV-6 the 
subcategorization rationale for heat is summarized in Table IV-7 and the 
subcategorization rationale for pollutants other than heat is summarized 
in Table IV-8. 
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Table IV-6 

GENERAL SUBCATEGORIZATION RATIONALE 

Subcategorization for heat is approached separately 
from subcategorization for other pollutants because: 

e Control and treatment technology for heat relate 
primarily to the characteristics of generating units, 
while nontherrnal control and treatment technologies 
relate primarily to characteristics of stations. 

• Control and treatment technologies are dissimilar; and 

• The costs of thermal control and treatment technology 
are much greater than nonthermal control and treatment 
technologies. 



Table IV-7 

SUBCATEGORIZATION RATIONALE FOR POLLtJrANTS OTHER THAN HEAT 

Characteristic 
of Plant 

Utilization (base-load, 
cyclic, or peaking) 

Age 

Fuel 

Size 

Land Availability 

Water ~onsumption 

Non-Water Quality Envir­
onmental Impact (inclu­
ding energy _consumption) 

Process Employed 

Climate 

Need for S.ub­
categorization 

No 

No 

Yes 

No 

No 

No 

No 

No 

Yes 

No 

Rationale 

Costs versus effluent reduction benefits 
vary significantly but are small in all cases 

Costs versus effluent reduction benefits 
vary significantly but are small in all cases 
Certain technologies are practicable for new 
sources but not for others 

Effects on costs versus effluent reduction 
benefits are not significant 

Costs for small plants would be significantly 
greater but still relativelly small 

Treatment technology includes small-sized 
configured equipment as well as lagoon-type 
facilities 

Negligible consumption 

Not significant 

Practicability of treatment technology 
is related to the volumes of waste water 
treated, therefore subcategories should 
be based on the specific waste water ·streams, 
especially those of significant volume 

Not significant except for effect on rainfall 
runoff treatment costs, but costs are small 
for all plants 
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Characteristic of Unit 

Utilization(Base-load, 
cyclic, or peaking) 

Age 

Fuel 

Size 

Process Employed 

Land Availability 

Water Consumption 

Climate 

Non-Water Quality 
Envirorunental Impacts 
•saltwater Drift 

8Fogging 

•Noise 

eAesthetics 

Table IV-8 
SUBCATEGORIZATION RATIONALE FOR HEAT 

Need for 
Subcategorization 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

No 

No 

Yes 

No 

No 

No 

Rationale 

Coupled with age, this factor determines the 
incremental cost of production versus the effluent 
reduction benefits related to the thermal control 
technology. 
Coupled with utilization, this factor determines 
the incremental cost of production versus the 
effluent reduction benefits related to the thermal 
control technology. 
Nuclear-fueled units reject significantly more 
heat to cooling water than do comparible 
fossil-fueled units. 
Capital is less readily available and design 
engineering manpower requirements higher for 
small plants and systems relative to the effluent 
reduction benefits of thermal control technologies. 
All significant differences already accounted 
for by factors of utilization, age, fuel, and size. 
Numerous units, due to urban locations, have 
insufficient land available to implement the 
control technology. 
Where required water consumption rights can add an 
incremental but insignificant cost over the cost 
of water use rights otherwise required. 
Variabilities are primarily cost related and 
taken into account in the cost analysis 

While technology is available to limit drift 
to very low levels, significant impacts could 
occur for units in urban areas on saltwater 
bodies. 
Technology is available to abate fogging in 
the few cases where it might otherwise have 
a significant impact. 
Technology is available to abate noise in 
the few cases where it might otherwise have 
a significant impact. 
Would only be a problem in a case-by-case 
evaluation of alternatives. 



The degree of nonthermal effluent reductions that can be achieved by the 
application of specific control and treatment technologies are related 
to the type of source components involved, and further to water use and 
quality and other considerations peculiar to individual plants. Both 
unit and plant related characteristics affect the degree of 
practicability of applying nonthermal waste water control and treatment 
technology. 

Accordingly, the general categorization scheme developed was approached 
from the basis that separate subcategorizations would be constructed for 
thermal characteristics and for nonthermal characteristics so that the 
rationale supporting the one would not necessarily be supportive of the 
other, and candidate approaches to either could be utilized or discarded 
on their ~n merits. Numerous factor~ were considered as candidates for 
further subcategorization and are as follows: tpe age of equipment and 
facilities, the process employed, waste source (nonthermal 
characteristics), nonwater quality environmental impact (including 
energy requirements), site characteristics, size of plant, fuel 
utilized, and utilization characteristics of the plant, with only the 
age of unit and its utilization characteristics qualifying as further 
bases for subcategorization of thermal discharges, and waste source for 
nonthermal discharges. 

An important footnote to the subject of industry subcategorization is 
that while certain factors were net found to qualify as candidates for 
general subcategorization, some were found to be factors which in 
particular cases could affect the degree of the practicability of 
applying certain waste water control and treatment technologies. Those 
factors which must be further considered are the following: available 
land characteristics, size of the unit, accessibility of existing 
cooling system, ability of existing structures to accommodate a new 
recirculating cooling system, requirements imposed by nearby land uses 
(drift, fogging, noise, structure height), climatic considerations 
(wind, relative humidity), soil strengths, significance of consumptive 
use of· water, significance of system reliability requirements, and 
characteristics of intake water (temperature, concentrations of 
constituents) • 
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PART A 

CHEMICAL WASTES 

SECTION V 

WASTE CHARACTERIZATION 

Introduction -------
In this part of the study (Part A) 
wastes are dealt with. Part B 
discharges. 

only 
of 

the 
the 

nonthermal, or chemical 
report deals with thermal 

Chemical wastes produced by a steam electric powerplant can result from 
a number of operations at the site. Scme wastes are discharged more or 
less continuously as long as the plant is operating. some wastes are 
produced intermittently, but on a fairly regularly scheduled basis such 
as daily or weekly, but which are still associated with the production 
of electrical energy. Other wastes are also produced intermittently, 
but at less frequent intervals and are generally associated with either 
the shutdown or startup of a boiler or generating unit. Additional 
wastes exist that are essentially-unrelated to production but depend on 
meteorological or other factors. 

waste waters are produced relatively continously from the following 
sources (where applicable): cooling water systems, ash handling 
systems, wet-scrubber air pollution control systems, boiler blowdown. 

Waste water is produced 
treatment operations ~hich 
part of their cycle 
evaporation). 

intermittently, on a regular basis, by water 
utilize a cleaning or regenerative step as 

(ion exchange, filtration, clarification, 

Waste water produced 1:y the maintenance cleaning of major units of 
equipment on a scheduled basis either during maintenance shutdown or 
during startup of a new unit may result from boiler cleaning (water 
side), boiler cleaning (fire side), air preheater cleaning, stack 
cleaning, cooling tower basin cleaning and cleaning of miscellaneous 
small equipment. The efficiency of a powerplant depends largely on the 
cleanliness of its heat transfer surfaces. Internal cleaning of this 
equipment is usually done by chemical means, and requires strong 
chemicals to remove deposits formed on these surfaces. Actually the 
cleaning is not successful unless the surfaces are cleaned to bare 
metal, and this means in turn that some metal has to be dissolved in the 
cleaning solution. Cleaning of other facilities is accomplished by use 
of a water jet only. 
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Rainfall runoff results in drainage from coal piles, floor and yard 
drains, and from construction activity. 

A diagram indicating sources of chemical wastes in a fossil-fueled steam 
electric powerplant is shown in Figure A-V-1. A simplified flow diagram 
for a nuclear plant is shown in Figure A-V-2. Heat input to the boiler 
comes from the fuel. Recycled condensate water, with some pretreated 
make-up water, is supflied to the boiler for producing steam. Make-up 
requirements depend upon boiler operations such as blowdown, steam soot 
blowing and steam losses. The quality of this make-up water is 
dependant upon raw water quality and boiler operating pressure. For 
example, in boilers where operating pressure is below 2800 kw/m2 (400 
psi), good quality municipal water may be used without pretreatment. On 
the other hand, modern high-pressure, high-temperature boilers need a 
controlled high-quality water. The water treatment includes such 
operations as lime-soda softening, clarification, ion exchange, etc. 
These water treatment Oferations produce chemical wastes. According to 
the FPC234, the principal chemical additives reported for boiler water 
treatment are phosphate, caustic soda, lime and alum. 

As a result of evaporation, there is a build-up of total 
solids (TDS) in the boiler water. To maintain TDS below 
limits for boiler operation, a controlled amount of boiler 
sometimes bled off (boiler blowdown). 

dissolved 
allowable 
water is 

The steam produced in the boiler is expanded in the turbine generator to 
produce electricity. The spent steam proceeds to a condenser where the 
heat of vaporization of the steam is transferred to the condenser 
cooling system. The condensed steam (condensate) is recycled to the 
boiler after pretreatrrent (condensate polishing) if necessary, depending 
upon water quality requirements for the boiler. As a result of 
condensate polishing (filtration and ion exchange) , waste water streams 
are created. 

In a nonrecirculating (once-through) condenser cooling system, warm 
water is discharged without recycle after cooling. The cool water 
withdrawn from an ocean, lake, river, estuary or groundwater source may 
generate biological growth and accumulation in the condenser thereby 
reducing its efficiency. Chlorine is usually added to once-through 
condenser cooling systems to minimize this fouling of heat transfer 
surfaces. Chlorine is therefore a parameter which must be considered 
for nonrecirculating cooling water systems. 

Cooling devices such as cooling towers are employed in the recirculating 
cooling systems. Bleed streams (blowdown) must generally be provided to 
control the build-uf of certain or all dissolved solids within the 
recirculating evaporative cooling systems. These streams may also 
contain chlorine and other chemical additives. According to the FPC23•, 
the principal chemical additives.reported for cooling water treatment 
are phosphate, lime, alum and chlorine. 
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As a result of fossil-fuel combustion in the boiler, flue gases are 
produced which are vented to the atmosphere. Depending upon the type of 
fossil fuel, the flue gases carry certain amounts of entrained 
particulate matter (fly ash) which are removed in mechanical dust 
collectors, electrostatic precipitators or wet scrubbing devices. Thus 
fly ash removal may create another waste water stream in a powerplant. 

A portion 
boiler. 
sluicing 
possible 

of the noncombustible matter of the fuel 
This bottom ash is usually transported as a 
operation. ~his ash handling operation 

source of waste water within a powerplant. 

is left in the 
slurry in a water 
presents another 

Depending upon the sulfur content of the fossil fuel, 501 scrubbing may 
be carried out to remove sulfur emissions in the flue gases. Such 
operations generally create liquid waste streams. Note that SOl 
scrubbing is not required for gas-fired plants, or facilities burning 
oil with a low sulfur content. Nuclear plants, of course, have no ash 
or flue gas scrubbing waste streams. 

As a result of combustion processes in the boiler, residue accumulates 
on the boiler sections and air preheater. To maintain efficient heat 
transfer rates, these accumulated residues are removed by washing with 
water. The resulting wastes represent periodic (intermittent) waste 
streams. 

In spite of the high quality water used in boilers, there is a build-up 
of scale and corrosion products on the heat transfer surfaces over a 
period of time. This build-up is usually due to condenser leaks, oxygen 
leaks into the water and occasional erosion of metallic parts by boiler 
water. Periodically, this scale build-up is removed by cleaning the 
boiler tubes with different chemicals such as acids, alkali, and 
chelating compounds. These cleaning wastes, though occuring only 
periodically, contain metalic species such as copper, iron, etc. which 
may require treatment prior to discharge. 

The build-up of scale in cooling tower basins and soot build-up in 
stacks require periodic washings and these operations also give rise to 
waste streams. 

For coal-fired generating units, outside storage of coal at or near the 
site is necessary to assure continuous plant operation. Normally, a 
supply of 90 days is maintained. coal is stored either in "active" 
piles or "storage" piles. As coal storage piles are normally open, 
contact of coal with air and moisture results in oxidation of metal 
sulfides, present in the coal, to sulfuric acid. The precipitate 
trickles or seeps through the coal. When rain falls on these piles, the 
acid is washed out and eventually winds up in coal pile runoff, creating 
another waste stream. Similarly, contaminated floor and yard drains are 
another source of pollution within the powerplant. 
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Besides these major waste streams, there are other miscellaneous waste 
streams in a powerplant such as sanitary wastes, laboratory and sampling 
wastes, etc. which are also shown in Figure No. A-V-1. 

In a nuclear-fueled powerplant, high quality water is used in the steam 
generating section. Conventional water treatment operations give rise 
to chemical waste streams similar to those in fossil-fueled powerplants. 
Similarly, the cooling tower blowdown is another waste stream common to 
both fossil-fueled and nuclear fueled powerplants. some wastes in a 
nuclear plant contain radioactive material. The discharge of such 
wastes is strictly controlled and is beyond the scope of this project. 
However, the steam generator in a PWR plant is a secondary system, 
having a blowdown and periodic cleaning wastes which are not 
radioactive. some of the disposal problems associated with low-level 
radiation wastes from nuclear fuel powerplants are briefly described in 
this report. 

Data was accumulated from different sources to characterize the various 
chemical wastes described above. The sources of data include·: 

a. Plants visits and collection of samples for analysis 

b. Permit applications submitted by powerplants to the u. s. Army corps 
of Engineers. 

c. Tennessee Valley Authority (TVA) reports of operating plants 

d. EPA Region II - questionnaire 

e. EPA Region V summary of permit applications data by National 
Environmental Research Center, Corvallis 

f. Southwest Energy study - Appendices 

g. u.s. Atomic Energy Commission, Environmental Impact Statements 

h. In-house data at Eurns and Roe, Inc. 

These data are included. in Appendix 2. Note that a code system is used 
for individual plant identification. 

Based on these data and other industrial and governmental literature, 
recommended effluent limitations guidelines proposed were developed for 
chemical wastes from the following operations in steam electric 
powerplants. 

I. Condenser cooling System 
A. Once-through 
B. Recirculating 
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II. Water Treatment 
A. Clarification 
B. Softening 
c. Ion Exchange 
o. Evaporator 
E. Filtration 
F. Other Treatment 

III. Boiler or PWR steam Genera tor 
A. Blowdown 

IV. Maintenance Cleaning 
A. Boiler or :EWR steam Generator 
B. Boiler Fireside 
c. Air Preheater 
o. Misc. Small Equipment 
E. Stack 
F. Cooling Tower Basin 

v. Ash Handling 
A. Oil-fired ~lants 

l. fly ash 
2. bottom ash 

B. Coal-fired plants 
1. fly ash 
2. bottom ash 

VI. Drainage 
A. coal Pile 

Tubes 

B. Contaminated floor and yard drains 

VII. Air Pollution Control Devices 
A. S01 Removal 

VIII. Miscellaneous waste Streams 
A. Sanitary Wastes 
B. Plant Laboratory and Sampling Streams 
c. Intake Screen Backwash 
o. Closed cooling Water Systems 
E. Low-Level Rad Wastes 
F. construction Activity 

once-through cooling Systems 

The common biocides used are chlorine or hypochlorites. The amowit of 
chlorine dosage varies from site to site and depends upon the source of 
cooling water and ambient conditions. For example, in winter the 
biological growth is not as pronounced as in spring or summer. 
Consequently, chlorine demand is less in winter. Normally, the chlorine 
is supplied as a slug rather than by continuous injection. The 
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frequency of chlorine dosage differs in .each plant, and may vary from 
once a day to ten times a day. Treatment duration varies between 5 
minutes and 2 hours. Chlorination results in residual chlorine 
concentrations in the range of 0.1 to 1 mg/l (ppm). Higher 
concentrations can be found in cases where higher level organisms, such 
as jellyfish, or eels, tend to accumulate on condenser surfaces. 

Recirculating Systems 

In the operation of a closed, evaporative cooling system, the bulk of 
the warm circulating water returning to the cooling t6wer, pond, etc. is 
cooled by the evaporation of a small fraction of it. During this 
evaporation only water vapor is lost, except for some net entrainment of 
droplets in the air draft (drift loss), and the salts dissolved in the 
remaining liquid become more concentrated. Most natural waters contain 
calcium (Ca++), magnesium (Mgt+), sodium (Na+), and oth~r metallic ions, 
and carbonate (CoJ_--) , bicarbonate (Hco1->, sulfate (so_9.--) , chloride 
(Cl-) and other acidic ions in solution. All combinations of these ions 
are possible. When the concentration of ions in any possible 
combination exceeds the solubility limits under the existing conditions, 
the corresponding salt will precipitate. Some of these salts are 
characterized by reverse solubility, that is, their solubility decreases 
when the temperature rises. If water saturated with such a salt leaves 
the cooling tower at the coo.l water temperature, as the water is heated 
in passing thru the condenser the solubility will decrease and the salt 
will deposit as a scale on the condenser tube walls and hinder heat 
transfer thru the tubes. 

The formation of scale may be controlled in several ways. The most 
common is to blowdown a portion of the circulating water stream and 
replace that quantity with fresh water so that the circulating water 
does not reach saturation at any time. Blowdcwn therefore is the 
constant or intermittent discharge of a small portion of the circulating 
water in a closed cooling system to prevent a buildup of high 
concentrations of dissolved solids. The blowdown (B) is a function of 
the available makeup (B+D+Ev) water quality and is related to 
evaporation (Ev) and drift (D) in the following manner: 

C = (B + Ev + D)/(B + D) 

In this equation, C equals cycles of concentration, a dimensionless 
number which expresses the number of times the concentration of any 
constituent is multiplied from its original value in the makeu~ water. 
(It does not represent the number of passes through the system). B, EV, 
and D are expressed in consistent units (e.g. percent of circulating 
water flow rate or actual flow rate).••• 

For average makeup water quality# conventional practice sets the value 
of C between 4 and 6. For extremely high quality makeup water (or 
treated water) C values of 15 and above are possible. For salt or 
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saline water, c values as low as 1.2 to 1.5 may be required. This is 
usually not a materials or operating limit, but rather a means of 
preventing biological damage from blowdown salinity.1•• 

The chemical characteristics of the recirculating water (treated or 
untreated) determine the maximum c value. Table A-V-1 provides some 
"rules of thumb" to be used in establishing the maximum c value. Note 
that the c subscript designations used in the table represent individual 
constituent concentrations and should not be confused with c, cycles of 
concentration used above.14• 

The "Limitation" column in Table A-V•1 indicates the maximum value 
allowed in the recirculating water for each chemical characteristic 
given. The maximum C value would be established when any one of the 
"Limitatio~s" is exceeded. Note thae this table provides "rule of 
thumb" estimates, which may not be applicable.. to unique water quality 
problems.144 

The equation for C can be rewi::~tten for blowd<:7Wn (B) : 

B =-~(C-11 
c - 1 

In order to minimize the total amount of makeup water and 
cooling tower should be operated at as high a c value as 
following data were ccmputed using the above equation and 
effect of C on the blowdown and makeup flow rates: 

bl<:7Wdown the 
possible. The 
illustrate the 

c 
.1£:L£les_QL.£Oncent~~i2.!ll. 

Blowdown 
_jg&_ 

Makeup 
_.1£fs) 

1.2 
1. 5 
2.0 
s~o 

10.0 
20.0 

107 
42.8 
21.4 

5.3 
2.3 
1. 1 

128 
64.2 
42.8 
26.7 
23.7 
22;5 

This table was develo~d assuming an evaporation rate (Ev) of 21.4 cfs 
and a drift rate (D) cf 0.05 cfs (0.005% of 950 cfs).144 

There are several advantages to maintaining a high C value: 

a. Minimizing the makeup water requirement, thus reducing the 
number of organisms entrained in the cooling water. 

b. Minimizing the volume of blowdown water to be discharged. 

c. Reducing the size and cost of makeup and blowdown handling 
facilities (i.e., pum~s, pipes, screens, etc.).144 
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Characteristic 

pH and Hardness 

pH and Hardness 
with addition of 
proprietory chemicals 
for deposit control. 

Sulfate and Calcium 

Silica 

Magnesium and Silica 

Table A-V-1 
144 

RECIRCULATING WATER QUALITY LIMITATIONS 

Limitation Corrment 

Langelier Saturation Langelier Saturation 

Index = 2.5 Index = pH-pHs 

where 

Langelier Saturation pH = measured pH 

Index= 1.0 pHs = pH at saturation 
with Ca~3 

See Figure A-V-3 for 

nomograph solution. 

(cso ) x (Cea) = 500,000 cso = concentration of 
4 4 so4 in mg/l 

Cea = concentration of 
Ca in mg/l as Caco3 

CSi0
2 

= 150 CSi02 
= concentration of 

Si02 in mg/l 

(CMg) + (CSiO ) = 35,000 CMg = concentration of 
2 Mg in mg/l as Caco3 
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Figure A-V-3 

NOMOGRAM TO DETERMINE LANGELIER SATURATION INDEX 
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Example: 'vVater at 124 F has a pH 
nf 7-~. tot.:il ~olius. of 400 ppm, cal­
ciurrr hardness as GaC03 of 240 ppm 
a~d alkalinity as CaCOa of 196 ppm'. 
Find the Langelier saturation index. 

Soiution: ( lJ Join 400 oom on thi> 
iefthand scale with 1 ?.4 F. on th~ te·!'!"~ 
p~r~n·~c ~~~'~4 _.d,t i!'1tc.r~cction with 
C. &c..:•le note value of l. /. (2) JCJin 
240 ppm with pCa reference· point 
and extend to pCa scale. Read pCa= 
2.62. (3) Join 196. ppm with pALK 
reference point, extend to pALK scale 
and read pALK=2.40. Add the three 
values: 

PHs=C + pCa + pALK=6.72 
. lndex=pH - pHs=7.2-6.72= + 0.48 
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Values for evaporation from cooling systems average about 0. 751 of 
cooling water flow for every 10°F of condenser delta T for cooling 
towers and approximately 501 higher for cooling ponds. This is 
equivalent to a range of 15.0 to 30.0 gpm/MW for cooling towers and 22.5 
to 45.0 gpm/MW for cooling ponds. Drift constitutes a relatively small 
portion of the required makeup water. For new cooling towers, drift 
losses can be kept as low as 0.005% of the cooling water flow for 
mechanical draft towers and 0.002% for natural draft towers. Drift 
losses for ponds are negligible. Estimates of the allowable blowdown 
flow based on these factors can be made once the cooling water flow, 
condenser delta T, and allowable concentration factors are known. 

The heat content of the blowdown as a % of condenser heat rejection can 
be quite variable. The heat content of the blowdown can vary from a 
fraction of 1~ of the total condenser heat rejection to as high as 7 to 
8% of this value. Higher rates of heat rejection in the blowd'own are 
due to larger blowdown flows (smaller C values) required in salt water 
systems and systems that blowdown from the hot side of the system. 
systems that blowdown from the cold side of the cooling system should 
contain no more than 1 to 2% of the condenser heat rejection. 

Scale formation may be controlled by chemical means such as softening or 
ion exchange to substitute more soluble ions for the scale formers, such 
as Na+ substitution for Ca+t and Mg++. Advantage may be taken of the 
greater solubility of some ions. For instance so~-- may be substituted 
for coi-- or HC01-, as: 

Ca C03 + H2 S04 = CaS04 + H20 + C02(g) 

Mg(HC03) + H2S04 = MgS04 +2H2 +2C02(g) 

In these reactions, co~ is released as a gas. Sulfates have a much 
greater solubility than carbonates and bicarbonates, and scale formation 
is reduced. Organic "sequestering" agents are used to tie up the 
insoluble metallic ions so that they cannot combine with the carbonates 
and bicarbonates to form scale. Many of these agents are proprietary 
compounds and their compositions are not generally known. The use of 
chemical dispersants and makeup water softening to reduce or eliminate 
blowdown at certain powerplants is discussed in Reference 22. 

Eventually the limit is reached and there must be some bleed through 
drift or blowdown although its quantity may be greatly reduced, 
resulting in higher concentrations. Data obtained from the study of 
fifteen plants (See Appendix 2) reveals an extremely large variation in 
the parameters listed. Generally, the important pollutant parameters 
are: total suspended solids (TSS), pH, hardness, alkalinity, total 
dissolved solids and phosphorus. 

In general, condenser materials are chosen so as t'o resist corrosion by 
the recirculating water. Consequently., chemicals are generally not 

92 



required in the recirculating water for corrosion resistance, except in 
cases where the recirculating water (because of the make-up water 
quality) has high chloride concentrations chromates or other chemicals 
are added as corrosion inhibitors. · 

In recirculating systems, growth organisms such as algae, fungi and 
slimes occur because of the warm and moist environment. such biological 
growth will affect condenser efficiencies and chlorine is commonly used 
as a biocide. The chlorine dosage is usually in slugs. The residual 
chlorine is generally in the range of 1 mg/liter. Higher residual 
chlorine concentrations may cause corrosion problems. In cooling towers 
with wood filling, sodium pentachlorophenate is sometimes added to 
inhibit fungi attack on wood. The chemicals are generally added to the 
cooling tower basin to ensure adequate mixing. Depending upon the 
chlorine dosage frequency (one to three times a day) and sodium salt 
addition, the concentration of these pollutants in the blowdown will 
vary for each case. 

Water Treatment 

All water supplies contain varying amounts of suspended solid matter and 
dissolved chemical salts. salts are dissolved from rock and mineral 
formations by water as it flows into rivers and lakes. In the boiler, 
as water evaporates to steam, mineral salts deposit on metal surfaces as 
scale. Scale reduces transfer of heat through the metal tubes, and if 
allowed to accumulate reduces the flow area, eventually causing failure 
of the tubes. To prevent scaling, water is treated for removal of 
mineral salts before its use as boiler feed water. 

Removal of the dissolved mineral salts can be accomplished by 
evaporation, chemical precipitation or by ion exchange. Evaporation 
produces a distilled-water-quality product but is not always economical 
and results in a stream of brine waste. Chemical precipitation is of 
limited use in the removal of dissolved solids, as the product water of 
the process contains soluble quantities of mineral salt. To produce a 
boiler feed water, chemical precipitation followed by evaporation is 
used occasionally, but cost is not always economical. 

Clarification 

Chemical precipitates and naturally occurring suspended solids are very 
fine and light. Clarification is a process of agglomerating the solids 
and separating them from the water by settling. Suspended solids are 
coagulated, made to join together into larger, heavier particles and 
then allowed to settle. Clarified water is drawn off and filtered to 
remove the last traces of turbidity. settled solids, more commonly 
called sludge, are withdrawn from the clarifier basin, continuously or 
intermittently and discharged to waste. Figures A-V-4 and A~V-5 show 
simplified flow diagrams for clarification and filtration processes 
respectively. surface water, in addition to dissolved impurities, may 
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contain suspended matter. causing turbidity or objectionable color. 
Removal of turbidity by coagulation is an electro-chemical phenomenon. 
Iron and ·aluminum ions of positive charge form a bridge with the 
negative charge of the sediments. causing an agglomeration of the 
particles. Most commonly used coagulants are aluminum sulfate (alum. 
filter alum. Al1(SO!)~ • 18 H~O). ferrous sulfate (copperas. FeSO! • 2 
H10). ferric sulfate (ferrifloc. Fe~ (S0!)1). and sodium aluminate (soda 
alum. Na1 Al1 O!) • Polyelectrolytes and other coagulant aids are 
frequently used in the ~recess. 

softening 

In the so~ening process. chemical precipitation is applied to hardness 
and alkalinity. Principal chemicals used are calcium hydroxide 
(hydrated lime - ca (OH) 1> and sodium carbonate (soda ash-Na1C01) • 
Calcium is precipitated as calcium carbonate (CaC01) and magnesium as 
magnesium hydroxide (.Mg(OH)~). 

Chemical precipitation of calcium and magnesium can be carried out at 
ambient temperatures. which is known as cold process softening. or may 
be carried out at elevated temperatures. 1oooc(2129F). known as hot 
process softening. Hot process softening is generally employed for 
boiler feed water in steam electric· powerplants when steam is generated 
for heating purposes as well as electric power generation. The hot 
process accelerates the reactions and reduces the solubility of calcium 
carbonate and magnesium hydroxide. · 

Since there is always some carryover of fine particles from the 
clarifiers. these are generally followed by filters. Filters may 
contain graded sizes of sand. anthracite coal or other filter media. 
Filters are also required in case clarifiers have an upset and 
precipitates are carried over into the ~lear water overflow. 

Ion Exchange 

Ion exchange processes can be designed to remove all mineral salts in 
one unit process operation. These processes produce high-quality water 
suitable for boiler feed purposes. All of the mineral constituents are 
removed in one process. The ion exchange material is an organic 
resinous type material manufactured in granular bead form. Resin beads 
contain pores that make them similiar to a sponge. The surface area is 
electrically charged and attracts to the surface chemical ions of op­
posite charge. 

Basically there are two major types of resin. cation and anion. Cation 
resin attracts the positively charged ions and anion resin attracts the 
negatively charged ions. When the charded sites on the resin surface 
are filled with ions exchanged from the water, the resin ceases to 
function .and must be regenerated. (Figure A-V-6) 
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The regeneration process is a three-step operation for all ion exchange 
units except mixed resin units. Mixed resin units (Figure A-V-7) 
contain a mixture of cation and anion resin in a single vessel. The 
resin is in a mixed form during the service run and is separated during 
the regeneration. 

During the service run, water flow in an ion exchanger is generally 
downf low through the resin bed. This downward flow of water causes a 
compaction of the bed which in turn causes an increase in resistance to 
flow through the bed. In addition, the raw water being treated always 
contains some micro-size particles which collect at the top surface of 
the bed and add to the resista.nce to flow. To alleviate this 
resistance, normal water flow to the bed is stopped and direction of 
flow through the bed is reversed, causing the bed to erupt, and wash the 
solids ou~. Ion exchange beds are usually washed for a period of 10 to 
15 minutes. Flow rates vary with the size of ve~sel and the type of 
resin. The flow rate is adjusted to expand the resin bed 80 to 1001 of 
its settled bed depth. Flow rates of 3.4-4.1 10-3 m3/s/m2 (5-6 gallons 
per minute per square fo~) are typical. The second stage of 
regeneration is the contacting step. Chemical solution is passed 
through the bed at a controlled flow rate such that resin is contacted 
with the chemical solution for a certain time. Cation resins are 
contacted for approximately 30 minutes while anion resins are contacted 
for approximately 90 minutes. Immediately after this chemical contact, 
the bed is given a slow rinse. The normal volume of rinse is two bed 
volumes. The purpose of the rinse is to·wash the regenerant solution 
remal.111.ng in the voids of the bed after the regenerant flow is stopped. 
The bed is then rinsed untri effluent quality reaches de-ionized water 
specification. Quantity of rinse water depends on the resin. Cation 
rinse water is approximately 8.0 m3 water per m3 resin. Anion rinse 
water is approximately 10.0 m3 water per m3 resin. With mixed resin 
units, there are two additional steps in the regeneration process • 

. After rinsing, the water level is drained until it is just above the 
settled resin bed level. Air is injected into the bottom of the vessel 
causing the two stratified layers of resin to mix. After this mixing, 
the ve·ssel is filled with water and the resin bed is given a short final 
rinse. 

Chemical characteristic of the spent regenerant depend, on the type of 
service that an ion-exchanger is performing. Cation exchange in 
hydrogen cycle absorbs calcium, magnesium, potassium, and sodium ions 
from the water. The q:ttion unit is regenerated with sulfuric acid. The 
acid concentration is maintained low to prevent calcium sulfate 
precipitation. The s~ent regenerant solution contains the eluted ions 
with excess acid. 

rn·order for the regeneration process to proceed there must be.a driving 
force. The driving force is excess chemical quantity. The quantity Of 
acid required for regeneration, on a weight basis, is 2-4 times the 
stoichiometric exchange capacity of the resin. On a weight basi~, the 
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waste sulfuric acid will consist of 1/4-1/3 part mixed cations and 2/3-
3/4 part of excess sulfuric acid. concentration of cations in the waste 
depends on their distribution in the water supply. 

occasionally, hydrochloric acid is used for hydrogen cycle regeneration. 
Hy~rochloric acid yields a greater regeneration efficiency than sulfuric 
acid. The cost of hydrochloric acid is generally higher than sulfuric 
acid, therefore, it is u~ed only when the economics justify it. 

Anion exchange units are regenerated with sodium hydroxide. The 
concentration is api;:roximately 4%. '7he spent regenerant will contain 
the eluted ~ions. These are sulfate, chloride, nitrate, phosphate, 
alkalinity, bicarbonate, carbonate, and hydroxide. Silica in the form 
of HSioJ- is also absorbed by anion exchangers and may be present in the 
spent regenerant. 

In high-pressure steam electric plants, condensate is deionized to 
prevent dissolved salts from condenser tube leaks from entering the 
boiler system, and eliminate minute quantities of iron and/or copper 
formed as a result of corrosion. The condensate is then polished in 
mixed resin units. The ion exchange resin is regenerated with sulfuric 
acid and sodium hydroxide. Sometimes, ammonium hydroxide is used in 
place of sodium hydroxide. The quantity of iron and copper found in the 
spent regenerants is usually negligible. 

Sodium cycle ion exchange is the ex~hange of calcium and magnesium ions 
for sodium ions. Hard water is often softened by this process, but the 
content of dissolved solids is not appreciably changed. The exchange 
resin is regenerated with 10~ sodium chloride solution. The waste 
regenerant consists of approximately 1/3 part calcium and magnesium 
chloride and 2/3 part scdium chloride. 

Evaporator 

Evaporation is a process of purifying water for boiler feed by 
vaporizing it with a heat source and then condensing the water vapor on 
a cool surface, and collecting it externally of the evaporator unit. In 
the process, a portion of the boiling water is drawn off as blowdown. 

The evaporator consists of a vessel, usually in a horizontal position in 
order to provide a large surface. area for boiling. In steam electric 
plants, evaporators are usually heated by a waste source of heat, such 
as extraction steam from the turbine cycle. The water evaporates into 
the upper surface of the vessel and is ducted to an external condenser. 
In the lower porticn of the vessel, a pool of the boiling water is­
maintained at a constant level to keep the steam tubes immersed in 
liquid. As water evaporates from the pool, the raw water salts in ~he 
pool become concentrated. If allowed to concentrate too much, the salts 
will scale the heating surfaees and the heat transfer rate diminishes. 
To prevent scaling, a portion of the pool water is drawn off as 
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blowdown. A simplified flow diagram of the process is shown in Figure 
A-V-8. 

Chemical composition of the blowdown is similar to that of the raw water 
feed except that it is concentrated several times. The blowdown is 
alkaline, with a pH in the range of 9-11. This is due to decomposition 
of bicarbonate ion to carbon dioxide and carbonate ion. The carbon 
dioxide is degassed from the evaporator leaving carbonate in solution 
and yielding an alkaline pH. If the concentration of calcium sulfate is 
high enough, it will precipitate out of solution. Some steam electric 
power plants feed phosphate to the raw water feed. This phosphate re· 
acts with calcium and lessens the precipitation of calcium carbonate and 
calcium sulfate. 

Evaporators are usually found in older low-pressure steam electric 
plants. Ultra pure water required in the modern high pressure uriits may 
generally be obtained more economically by the ion exchange processes. 

A typical powerplant may employ a combination of the different water 
treatment operations described above. However, the waste streams from 
all these water treatment operations are generally similar in pollutant 
characteristics. Consequently, a description of the combined pollutants 
found in the waste streams is given below. 

Character of Water Treatment wastes 

Water treatment waste 
1) pH, 2) suspended 
parameters typical cf 
the process. Reference 
A-V-2. 

streams should be described by three parameters: 
solids concentration, and 3) concentration 
processes involved or toxic elements involved in 
21 reports waste water flows as shown in Table 

Clarification wastes consist of clarifier sludge and filter washes. 
Clarifier sludge could be either alum or iron salt sludge, from 
coagulant chemicals. If the clarifier is lime softening, then the 
sludge would be a calcium carbonate-magnesium hydroxide sludge. Filter 
washes would contain suspended solids either as light carry-over floe 
from the clarifier or as naturally contained in unclarified raw water, 
Activated carbon absorber wash would contain light suspended particles 
or very fine activated carbon particles due to attrition of the carbon. 

Various attempts have been made to classify clarifier sludges. Although 
these vary from plant to plant, the basic characteristics are quite 
similar. Alun sludge is a non-Newtonian, bulky gelatinous substance 
composed of aluminium hydroxide, inorganic particles, such as clay or 
sand, color colloids, micro-organisms including plankton and other 
organic matter removed from water. 

The major constituent in sludge fro.m lime 
carbonate. other consituents which may 
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Table A ... v- 2 

TYPICAL WATER TREATMENT WASTE 
WATER FLCMS {Ref. 21) 

PROCESS RANGE OF FI.CMS 

Clarifier blowdown 

Lime-soda 

Raw water filtration backwash 

Feed water filter 

Sodium zeolite regeneration 

Cation exchange regeneration 

Anion exchange regeneration 

Evaporator blowdown 

Condensate filtration and 
ion exchange 

Condensate powdex 
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1 - 4 

1 - 4 

0 - 6 

0 - 6 

o.s - 3 

o.s - 3 

o.s - 3 

12 .. 40 

0.02 - o.6 

0.01 - 0.06 



hydroxide, hydroxides of aluminum or iron, insoluble matter such as 
clay, silt or sand, and organic matter such as algae o·r other plankton 
removed from the water. 

The American Water Works Association Research Foundation has conducted a 
study among its members to gather information on the nature of waste 
disposal problems in water treatment plant to assist the utilities. •• 

waste sludges from clarifiers, generally have a solids content in the 
range of 3,000 - 15,000 mg per liter. Suspended solids amount to 
approximately 75 80~ of total solids with the quantity of volatile 
solids being 20 - 25~ of total solids. The BOD level usually is 30 
100 mg per liter. A large corresponding COD level of 500 - 10,000 mg 
per liter shows that the sludge is not biodegradable, but that it is 
readily oxidizable. The sludge has a pH of about 5 - 9. 

Filter backwash is more dilute than the wastes from clarifiers. 
Generally, it is not a large volume of waste. Turbidity of wash water 
is usually less than 5 mg per liter and the COD is about 160 mg per 
liter. The total solids existing in filter backwash from plants 
producing an alum sludge is about 400 mg per liter with only 40 - 100 mg 
per liter suspended solids. 

All ion exchange wastes are either acidic or alkaline except sodium 
chloride solutions which are neutral. While ion exchange wastes do not 
naturally have any significant amount of suspended solids, certain 
chemicals such as calcium sulfate and calcium carbonate have extremely 
low solubilities and are often precipitated because of common ion 
effects. Calcium sulfate precipitation is common in ion exchange 
systems because of excess quantities of sulfuric acid. 

Evaporator blowdown consists of concentrated salts from the feed water. 
Evaporators are usually operated to a point where the blowdowp is three 
to five times the concentration of the feed water. Due to the low 
solubility of calcium carbonate and calcium sulfate, it is possible that 
there will be precipitation of calcium carbonate and sulfate, if present 
in the feed water. While the concentrated salts of the feed water are 
neutral, decomposition of bicarbonate to carbon dioxide and calcium 
carbonate, creates an alkaline waste stream from the evaporator. 

Table A-V-3 shows the arithemetic mean and standard deviation for a 
number of parameters for water treatment wastes. These data were 
gathered from many different sources and reported in various ways. 
Therefore they show wide variations. As can be seen, the standard 
deviation of each parameter chosen, is two to three times greater than 
the mean value of the parameter. 

Undoubtedly, other factors that do not appear in the data caused this 
variation. Under the sub-heading of clarification wastes, the reported 
data do not indicate whether the waste stream is a sludge from a 
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TABLE A-V-3 

ARITHMETIC MEAN AND DEVIATION OF 

SELECTED WATER TREATMENT WASTE PARAMETERS 

ARITHMETIC STANDARD o-
MEAN DEVIATION rn 

m o-__ _..._ ___________ 
CLARIFICATION WASTES 
~Flow-=~3 per day 

Turbidity - J.T.U. 
Total suspended Solids - mq TSS per 
Total Suspended Solids - .kg TSS per 
total Hardness - mg caCOl per 1 
Total Hardness - kg CaC01 per day 
Iron - mg Fe per 1 
Iron - kg Fe per day 
Aluminum 

lQ~~£!!!.BgE~2I£t 
Flow - M3 per day 
Total Dissolved Solids - mg TDS per 
Total Dissolved Solids - kg TDS per 
Sulfate - mg SO!per 1 
Sulfate - kg SO! per day 
Chloride - mg Cl per 1 
Chloride - kg-Cl per day 
sodium - mg Na per 1 
Sodium - kg Na per day 
Ammonia - mg NHj - N per 1 
Ammonia - kg NHJ - N per day 

~~Q..~l'OB-~QQH.B 
Flow - M3 per day 
Total Dissolved Solids - mg TDS per 
Total Dissolved Solids - kg TDS per 
Total Suspended Solids - mg TSS per 
Total Suspended Solids - kg TSS per 
Sulfate - .mg SO! per 1 
Sulfate - kg SO! per day 
Chloride - mg Cl per 1 
Chloride - kg Cl per day 
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1 
day 

1 

1 
day 

1 
day 
l 
day 

316 613 1. 9 
1,088 2,015 1. 8 

25,213 53,060 2. 1 
2,673 5.594 2.1 
3,215 7,812 2.4 

21 63 2.3 
352 572 1. 6 
212 662 J.1 

Piece Data 

74,515 374,737 5.0 
7,408 11,550 1. 6 
1, 311 4,263 J. 2 

2,085 3,859 1.8 
1,100 3,414 3. 1 
1, 708 4,603 2.7 

124 389 J. 1 
3, 112 6,448 2.1 

558 1,572 2.8 
46 137 3.0 
14 41 2. 9 

38 62 1. 6 
730 805 1. 1 

88 187 2. 1 
175 443 2.5 

16 36 2. 2 
79 109 1. 4 

4 8 2.0 
194 337 1.7 

17 31 1. 8 



clarifier removing suspended solids, a sludge from a lime softener for 
hard water, or a wash-water from a filter. Obviously, waste stream 
composition will vary depending upon its origin. 

similarly, data listed under ion-exchange wastes do not indicate whether 
the waste is acid, caustic or brine waste. There are no indicators of 
what source the waste originated from, or if the waste was neutralized 
before reporting. In summary, data collected on water treating wastes is 
of limited value because of the process variations which were not 
reported, and because of the limited quantity of information available 
on these waste streams. 

Boiler or PWR steam Generator Blowdown 

Except for.zero 
regardless how 
without the use 
boiler water. 

solid treatment syste~s, no external water treatment 
efficient, is in itself protect.ion against boiler scale 

of supplementary internal chemical treatment of the 

The primary cause of scale formation is that the solubilities of scale 
forming salts decrease with an increase in temperature. The higher the 
temperature and pressure of boiler operation, the more insoluble the 
scale forming salts become. No method of external chemical treatment 
operates at a temperature as high as that of the boiler water. Con­
sequently, when the bciler feed water is heated to the boiler operating 
temperatures, the solubility of the scale forming salts is exceeded and 
they crystallize from so.lution as sea.le on the boiler heating surfaces. 

Calcium and magnesium salts are the most common source of difficulty 
with boiler scale. Internal chemical treatment is required to prevent 
deposit scale formation from the residual hardness concentration 
remaining in the feed water. One of the most common sources of scale is 
th~ decomposition by heat of calcium bicarbonate to calcium carbonate 
and carbon dioxide. 

Ca(HC03) 2 +Heat = CaC03(s) + H2) + C02(g) 

Deposits of iron oxide, metalic copper and copper oxide are frequently 
found in boilers operating with very pure feedwater. The source of 
deposits is corrosion. causes of the corrosive action are dissolved 
oxygen and carbon dioxide. 

To prevent calcium and magnesium salts from scaling on boiler 
evaporative surfaces, internal treatment consists of precipitating the 
calcium and magnesium salts as a sludge and maintaining the sludge in a 
fluid form so that it may be removed by boiler blowdown. The blowdown 
can be continuous or intermittent and the operation involves ~ontrolled 
discharge of a certain quantity of boiler water. The most common 
chemicals used for precipitation of calcium salts are the sodium 
phosphates. 
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Chelating or complexing agents are sometimes applied. Tetrasodium salt 
of ethylenediaminetetracetic acid (Na~-EDTA) and trisodium salt of 
nitrilotriacetic acid (Na]-NTA) are the most commonly used chelating 
agents. The chelating agents complex the calcium, magnesium, iron and 
copper in exchange for the sodium. 

The solubility of iron in water increases as the pH decreases below the 
neutral point. To prevent corrosion, neutralization of the acid with an 
alkali is necessary. Sodium carbonate, sodium hydroxide and/or ammonia 
are commonly employed for this purpose. 

Dissolved oxygen present in boiler water causes corrosion of metallic 
surfaces. Dissolved oxygen is introduced into the boiler, not only by 
the makeup water, but by air infiltration in the condensate system. In 
addition to mechanical deaeration, sodium sulfite is employed for 
chemical deaeration. 

2 Na2S03 + 02 = 2Na2S04 

It is common practice tc maintain an excess of the sulfite, to assure 
complete oxygen removal. The use of sodium sulf1te is restricted to low 
pressure boilers because the reacticn products are sulfate and dissolved 
solids which are undesirable in high fressure boilers. 

Hydrazine is a reducing agent which does not possess these disadvantages 
for high pressure operation. Hydrazine reacts with oxygen to fcrm 
water. 

N2H4+ 02 - 2H20 + N2 

The excess hydrazine is decomposed by heat to ammonia and nitrogen. 

The characteristics of boiler blowdown are an alkaline waste with pH 
from 9.5-10.0 for bcilers treated with hydrazine and pH from 10-11 for 
boilers treated with fhosphates. 

Blowdown from medium fressure boiler has a total dissolved solids (TDS) 
in the range of 100-500 mg/1. High-fressure boiler blowdown has a total 
dissolved solids in the range of 10-100 mg/1. Blowdown from boiler 
plants using phosphate treatment contain 5-50 mg/1 phosphate and 10-
100mg/1 hydroxide alkalinity. Boiler plants with hydrazine treatment 
produce a blowdown containing 0-2 mg/l ammonia. 

In PWR nuclear-fueled powerplants, the steam generator employs ultrafine 
quality water. Consequently the blowdown frequency and the impurities 
are much less than that in fossil fuel flants. 

The blowdown frequency is commonly once a day. Most of the data also 
confirm the typical alkaline nature of the blowdown. The data do not 
show completely the type of treatment and the raw water treatment 
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'efficiency. 
,\Reference 21 
to-u gal/100 o 
11 

consequently, the data have greatly varying parameters. 
reports 'haste water flows from boiler blowdown ranging from 
lb steam generated. 

Equipment Cleaning 

-Chemical Cleaning Boiler or PWR Steam Generator Tubes 

,Boilers are subject to two major chemical problems, corrosion and scale 
~formation •. Proper operation and maintenance involves the pretreatment 
!:of boiler makeup water, and the addition of various corrosion and scale 
.control additives to ~he feed water. Boilers operating at high 
lpressures (and temperatures) require more critical control of boiler 
water chemistry than low pressure boilers. 

Even with the best preventive maintenance, occasional boiler cleaning is 
a necessary operation for proper performance of steam boilers. 
~condenser leaks, oxygen leaks in the boiler water and corrosion/erosion 
~of metallic parts by toiler water may increase the frequency of boiler 
ii cleanings. 

Chemical cleaning of boilers can be of two types - 1) Preoperational-­
:~ necessary for new boilers before going on-stream and 2) Operational­
i!necessary for sc;:ale and corrosion products removal to maintain normal 
boiler operating perfcrmance. 

Preoperational Boiler Cleaning Wastes 

,During the manufacture and assembly of boiler steel components, a black 
iron oxide scale (mill scale) is formed on metal surfaces. The removal 

~of mill scale is necessary to eliminate potential galvanic corrosion and 
,. erosion of turbine blades which can occur because of trapped mill scale 
in the steam path. similarly, the presence of oil, grease (used during 
fabrication and assemtly) and construction debris can be detrimental to 

,boilers. consequently, preoperational cleaning of boilers is an 
;important aspect of pcwerplant start-up procedures. 
~ 
:Typical steps for preoperational cleaning involve: 

:: (i) an alkaline bailout using a solution containing caustic or soda 
ash, phosphates, wetting or emulsifying agents and sodium nitrite as an 

tinhibitor to protect against caustic embrittlement • 
• ' (ii) draining of the solution after achieving satisfactory removal of 
oil, grease, silica, loose scale, dirt and construction debris etc. 

1 

(iii) rinsing of the toiler 

~(iv) acid cleaning of the boiler to remove mill scale using corrosion 
inhibited hydrochloric acid or organic acids, such as citric and formic 
acids or patented chelating scale removers. 
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(v) draining of the acid solution using nitrogen to prevent metal 
rusting 

(vi) second rinsing of the boiler with demineralized water 

(vii) an alkaline boilout to neutralize trapped acid and to remove 
trapped hydrogen gas molecules (which if left in the boiler can cause 
metal embrittlement over a period of time) 

(viii) and finally followed by a passivation rinse using sodium nitrite 
and phosphate solution. 

These typical preoperational cleaning steps are followed for drum type 
boilers. For once-through boilers, process steps are similar except 
that instead of bailout, continuous flushing is carried out. 

The pollution parameters associated with preoperational boiler cleanings 
are extreme pH values (acidic or alkaline solutions) , phosphates, 
nitrates, BOD from the organic emulsifying agents, oil and grease and 
suspended solids. 'I'he quantity of these wastes and the pollutant 
concentrations vary for each specific case. 

Operational Boiler Cleaning Wastes 

A variety of cleaning formulations are used to chemically clean boilers 
whose operation has deteriorated due to build up of scale and corrosion 
products. Analyses of scale deposits are made on sample sections of 
tubes cut from the boiler. Based on the composition of scale discovered 
in these samples, a cleaning program is selected. Some procedures are 
more effective for copper removal, others for iron removal, and still 
others for silica removal. The composition of boiler scale and 
corrosion products is briefly described. This is followed by a 
description of methods used to renovate boilers. 

Composition of scale 

Boiler scale contains precipitated salts and corrosion products. 
Precipitation occurs because of local supersaturation of their solution 
concentration near the heated tube surfaces. These salts include 
calcium carbonate and sulfate, calcium and magnesium phosphates and 
silicates, and magnesium hydroxide as principal constituents. Iron and 
copper oxides are present as corrosion byproducts and various trace 
metals as zinc, nickel, aluminum may be present either as constituents 
of the feed water, or as corrosion products. In addition, mud, silt, 
dirt or other debris introduced via condenser leaks are also present. 
Oil contamination of l:oiler water results in carbonation of this waste 
and this is incorpcrated into the boiler scale. The composition of 
boiler scale is dependent on the composition of boiler feed water, 
materials of construction, boile~ chemical additives, and contaminants 
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leaked into the boiler water, and therefore will differ with each 
successive cleaning of the boiler. 

Frequency of Boiler Cleanings 

There are many factors which affect the cleaning schedule for power 
utility steam boilers. High pressure boilers require more critical 
control of feed water purity and consequently usually require less 
frequent cleanings. A review of boiler cleaning data in Table A-V-4 
shows that cleaning frequency varies from once in seven months to once 
in one hundred months. The mean time between boiler cleanings is 
estimated f ran these data as thirty months with a standard deviation of 
eighteen months. 

Types of Boiler Tube Cleaning Processes 

Alkaline Cleaning Mixtures with Oxiding Agents for Copper Removal 

These foundations may contain free ammonia and ammonium salts, (sulfate 
or carbonate) , an oxidizing agent such as potassium or sodium bromate or 
chlorate, or ammonium persulfate, nitrates or nitrites, and sometimes 
caustic soda. Air is sometimes used as the oxidant. These mixtures 
clean by the following mechanism: Oxidizing agents convert metallic 
copper deposits to copper oxide. Ammonia reacts with the copper o~ide 
to solubilize it as the copper ammonium blue complex. 

Since metallic copper interferes with the conventional acid cleaning 
process· described below, this cleaning formulation is frequently used to 
precede acid cleaning when high copper levels are present in the boiler 
scale. 

The pollutants introduced by these cleaning formulations are as follows: 
ammonium ion, oxidizing agents, high alkalinity, and high levels of iron 
and copper ion dissolved from the boiler scale. 

Acid Cleaning Mixtures 

These mixtures are usually based on inhibited hydrochloric acid as 
solvent, although sulfuric, sulfamic, phosphoric, nitric, citric, formic 
and hydro.xyacetic acids are also used. Hydrofluoric acid or fluoride 
salts are added for silica ~emoval. Corrosion inhibitors, wetting 
agents, and complexing agents to solubilize copper may also be included. 

These mixtures are effective in removal of scale due to water hardness, 
iron oxides, and copper oxide, but not metallic copper. 

The principal pollutants introduced to the waste stream from these 
cleaning chemicals are acidity, phosphates, fluorides, and organic 
compounds (BOD). In addition large quantities of copper, iron, 
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TABIE A-V-4 

CHEMICAL WASTE CHARACTERIZATION 

INCREASE IN POLLUTANT QUANTITY PER CIEANING CYCIE 

BOILER TUBES' CIEANING 

G H 

BOD 

(lb) kg 

104 
104 

-9.8 

-8.3 

121.4 
-1.65 

0 

47 .2 

47.2 
-4.45 

-3.8 

55 
-o. 75 

0 

I 

COD 

(lb) 

4017 
4017 

5091 

8302 

11101 

9169 
-14.07 

J 

kg 

1823 
1823 

2311 

3769 

5040 

4163 
-6.39 

K L 
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(lb) kg 
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11816 
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11~72 
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18023 

45.l 

M N 
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(lb) kg 
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0 p 
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(lb) kg 
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9.8 

75 
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0 

80 
80 

4.45 

34 

229.4 
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0 
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16.7 
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0.54 
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0.00018 0.00008 

141 64 

126 57.2 

106 48.l 

74.89 34 

44 20 

59.4 27 

55 25 

52.8 24 

55 25 

30.8 14 

30.8 14 

F G 

Sodium 
(lb) kg 

1076 
1076 
2018 

4885 
12378 

-55.9 
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TABLE A-V-4 

CHB!(ICAL WA§TE CHARAC'lERIZATION 

INCREASE IN POLLtJTAll': QUAm'ITr PER CIBANING crcu: 

BOIU!R TUBBS. CIBANING (continued) 

H I 
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-0.25 
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J K 
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(lb) kg 

l'll 
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-29.19 
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l.25 
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•13.25 
40.8 
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0.0027 
14 
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J'l'!I 
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'1:76 

23 
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100 

0 
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Plant 
Code 

34C9 

3409 

3410 

3412 

3414 

3416 

3404 

3603 

3603 

3604 

3604 

3604 

3604 

3604 

3605 

3605 

3605 

3605 
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3609 
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3609 

3607 
3610 

3610 

3610 

3610 

3611 

3611 

3612 

3612 

3612 

3612 

3612 

3612 

3612 

3612 

3612 

3612 

3614 

3614 

3614 

3614 

3614 

3614 

3613 

3613 

3613 

c 

Phosphorus 
(lb) 

4 .07 

4. 07 

0.4 

-0.08 

7 .26 

kg 

1.84 

1.84 

0.18 

-0.036 

3.3 

-0.001674 -0.00076 

-0.0125 

74 

78.9 

58. 72 

40.97 

24.45 

33.76 

30.l 

28. 7 

30.9 

17 .24 

17.24 

-0.0057 

33.6 

35.82 

26.66 

18.6 

11.l 

15.33 

13.7 

13.05 

14.03 

7.83 

7 .83 

D 

Sulfate 
(lb) 

11.26 

11.26 

-40 

73 .37 

0.33 

2.24 

E 

kg 

5.11 

5.11 

-18.6 

33.31 

0.15 

1.02 

F G 

Chloride 
(lt) 

7772 

7772 
19100 

6142 

25898 

32191 

6.03 

40361 

15052 

21006 
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45224 

14588 

14588 

42085 

38290 

42085 
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24332 

29422 
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13167 

13167 
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19140 
14588 

17506 

14588 

14588 

19477 
16696 
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8460 

6768 

8460 

8266 
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12398 

11572 

17101 

14733 

9625 

11962 

9568 

11962 

11962 

11962 

8022 
8022 

8022 

kg 

3528 

3528 

8671 

2788 
11758 

14615 

2. 74 

18324 

6834 

9537 
953'7 

20532 

6623 

6623 

19107 

17834 

19107 

8372 

8372 

11047 

13358 

13358 

5978 

5978 

5978 

8690 
6623 

7948 

6623 

6623 

8843 

7580 

3073 

3841 

3073 

3841 

3753 

3753 

5629 

5254 

7764 

6689 

4370 

5431 

4344 

5431 

5431 

5431 

3642 
3642 

3642 

TABLE A-V-4 

CHEMICAL WAS'.IE CHARACTERI2ATION 

INCREASE IN POLLUTANT QUANTUY PER CLEANING CYCLE 

BOILER TUBES I CLEANING (continued) 

H J K L M 

Fluoride Aluminum Chromium 

(lb) 

870 

478 

478 

2509 

514. 7 
514. 7 

3837 

3837 

3837 

1050 

1050 

1385 

1596 

399 

514. 7 

997 

514. 7 

514. 7 

864.5 

864.5 

192.8 

192.8 

192.8 

192.8 

282 

282 

1130 

1130 

504 

504 

253 

1092 

546 

546 

552 

829 

549 

362.3 

275 

kg 

395 

217 

217 

1139 

233 

233 

1742 

1742 

1742 

477 

477 

628 

724 

181 

233 .6 

452.6 

233.6 

233 .6 

392.4 

392.4 

87 .53 

87 .53 

87 .53 

87 .53 

128 

128 

513 

513 

228 .8 

228.8 

114.86 

495 

247.88 

247 .88 

250.6 

376.3 

249.2 
164.5 

124 .8 

(lb) 

18.94 

17 

13 .87 

11.0 

28.6 

8.8 

8.8 

6.6 

8.8 

4.4 

4.4 

kg 

8.6 

7. 7 

6 .3 

13 

4 

(lb) 

6.91 

6.91 

1.4 

1.21 
23 .17 

0.0832 

0.035 

16.9 

13.87 

11.01 

6.6 

8.8 

6.6 

8.8 

13.2 

4.4 

kg 

3 .13 

3 .13 

0.63 

0.55 
10.52 

0.0378 

0.0160 

7.7 

6.3 

4 

4 

6 

N 0 

Copper 
(lb) 

251.6 

251.6 

245.5 

718 

325 

0.00006 

800 

800 

900 

800 
500 

300 

600 

200 

100 

25 

500 

600 

600 

200 

300 

400 

200 

300 

300 

500 

400 

500 

500 

600 

400 

200 

100 

200 

300 

300 

400 

100 

100 

300 

200 

500 

100 

100 

100 

50 

50 

200 
200 

200 

kg 

114. 2 

114.2 

111.4 

326 

147.7 

0.00003 

363 

363 

408 .6 

363 
227 

136. 2 

272 

90.8 

45.4 

11.35 

227 

272 

272 

90.8 

136.2 

181.6 

90.8 

136.2 

136. 2 

227 

181.6 

227 

227 

272 

181.6 

90.B 

45.4 

90.8 

136 .2 

136.. 2 

181.6 

45.4 

45.4 

136.2 

90.8 

227 

45.4 

45.4 

45.4 

22. 7 

22. 7 

90.8 
90.8 

90.8 

p 

(lb) 

599 

599 

1571 

1668 
1841 

5491 

0.001 

3100 

3100 

2400 

4900 
3800 

2200 

2100 

4000 

3000 

3000 

1100 

llOO 
5000 

3500 

4500 

1500 

2500 

3000 

3000 

100 

1000 

1000 

900 

2000 

2500 

900 

800 

700 

500 

1000 

1000 

1500 

1000 

3000 

1500 

1600 

1400 

1200 

1000 

1000 

500 

1000 
1000 

lOOO 

Q 

Iron 
kg 

271.9 

271.9 

713. 2 

757.2 
836 

2493 

0.00045 

1407 

1407 

1089 

2224 
1725 

999 

953 

1816 

1362 

1362 

499 

499 

2270 

1816 

2043 

681 

1135 

1362 

1362 

45.4 

454 

454 

408 

908 

1135 

408 

363 

318 

227 

454 

45!1 

681 

454 

1362 

681 

726 

635 

545 

454 
454 

227 

454 
454 

454 

R s 

Magnesium 
(lb) 

224 

224 

13.83 

66 

59.0 

48.9 

33 

22 

28.6 

26.43 

24.23 

26.43 

13.22 

13.22 

kg 

101. 7 

101. 7 

6. 28 

29.9 

26.8 

22.2 

15 

10 

13 

12 

11 

12 

6 

6 



hardness, phosphates and turbidity are released as a result of loosening 
and dissolving the boiler scale. 

Alkaline Chelating Rinses and Alkaline Passivating Rinses 

These formulations contain ammonia, caustic soda or soda ash, EDTA, NTA, 
citrates, gluconates, or other chelating agents, and may contain certain 
phosphates, chromates, nitrates or nitrites as corrosion inhibitors. 
These cleaning mixtures may be used alone, or after acid cleaning to 
neutralize residual acidity and to remove additional amounts of iron, 
copper, alkaline earth scale compounds, and silica. Their use 
introduces the follcwing pollutants to the discharged wastes: 
alkalinity, organic compounds (BOD), phosphates, and scale components 
such as iron, copper and hardness. 

Proprietary Processes 

Frequently boiler tubes are cleaned by specialized companies using 
proprietary processes and cleaning chemicals. Most of these chemicals 
are similar to those described earlier and the resulting wastes contain: 
alkalinity, organic canpounds {BOD) , phosphate, ammonium compounds, and 
scale compounds such as iron, copper and hardness. 

The data in Table A-V-4 shows pollutant concentrations for specific 
cases. Inasmuch as boiler cleaning is tailored for individual 
requirements, generalization about pollutant concentration is not 
possible. However, the data does indicate generally observed high 
amounts of metallic species and COD requirements. 

In this study, boiler tube cleaning was not categorized on the basis of 
once-through or drum-type. However, it is to be noted that similar 
cleaning as described earlier is followed for once~through type boilers. 

The other major heat transfer component in a boiler system is the 
condenser. The spent steam from the turbine is liquefied in the 
condenser by the condenser cooling water system. Condenser tubes are 
made out of stainless steel, titanium or copper alloys. Preoperational 
cleaning of the condensers is done with alkaline solutions, with 
emphasis on the steam side of the condenser because of high quality 
water circulation. Operational cleaning on the steam side depends upon 
boiler water quality and is not done frequently. The water side of the 
condenser is cleaned with inhibited hydrochloric acid. 

In _nuclear powerplants of the PWR type, strict control on the quality of 
steam generator water is maintained. Cleaning frequently varies with 
plant characteristics, as in fossil-fuel power plants, but the cleaning 
methods are the same. 
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Boiler Fireside 

The fireside 
airborne dust. 

of boiler tubes collects fuel ash, corrosion products and 
Gas-fired boilers have the cleanest combustion process. 

In order to maintain an efficient heat transfer, boiler fires ides are 
cleaned with high pressure fire hoses, while the boilers are hot. Soda 
ash or other alkaline materials may be used to enhance the cleaning. 
Depending upon the sulfur content of the fuel, the cleaning wastes are 
more or less acid. 

Data was available from only two plants for boiler fireside cleaning, 
These data are shown in 'I·able A-V-5. The pollutants in the waste stream 
may reveal extreme values of pH, hardness and suspended solids as well 
as some metals. 

Air Preheater 

Air preheaters are an integral part of the steam generating system, 
They are used to prehea:t the ambient air required for combustion and 
thus economize thermal energy. Two types .of preheaters are used -­
tubular or regenerative. In either case, part of the sensible heat of 
the combustion flue gases is transferred to the incoming fresh air. 

In tubular air preheaters, cold fresh air is forced through a ·heat 
exchanger tube bundle using a forced-draft-fan. The flue gases leaving 
the economizer flow around the tubes and heat is· transferred through the 
metal interface. Regenerative type preheaters are used more frequently 
in large powerplants. In this type, heat is regenerated by using 
metallic elements in a rotor. The rotor revolves between two ducts -­
outlet duct carrying hot flue gases to the stack and intake duct 
carrying fresh air to the boiler windbox. Heat is transferred to the 
metallic elements which in turn transfer it to the fresh air by 
convection. 

Soot and fly ash accunulate on the preheater surfaces and the deposits 
must be removed periodically to maintain good heat transfer rates as 
well as to avoid plugging of the tubes or metallic elements. Preheaters 
are cleaned by hosing them down with high-pressure water from fire 
hoses. 

Depending upon the sulfur content of the fuel, the cleaning wastes are 
more or less acidic in nature. The washing fluid may contain soda ash 
and phosphates or detergents which have been added to neutralize excess 
acidity or ~lkaline depending on the cleaning product used. Fly ash and 
soot, rust, magnesium salts, and metallic ions leached from the ash and 
soot are nonnal constituents of the cleaning wastes. Copper, iron, 
nickel, and chromium are usually prevalent in this discharge, and in 
oil-fired installaticns vanadium may also be present at significant 
levels. 
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Line 

~ 

Plant 
Code 

1) 3409 

2) 3410 

3) 3411 

4) 3412 

5) 3413 

6) 3414 

7) 3415 

al 3410 
9) 3411 

Line 

A 

Plant 
Code 

l) 3409 

2) 3410 

3) 3411 

4) 3412 

5) 3413 

6) 3414 

7) 3415 

8) 3410 

9) 3411 

Lin 

A 

Plant 
Code 

1) 3409 

2) 3410 

3) 3411 

4) 3412 
5) 3413. 

6) 3414 

7) 3415 

8) 3410 
9) 3411 

c D E F 

TABLE A-V-5 

CHEMICAL ilASTE CllARACTERlZATION 

INCREASE IN POLLtJ'l'AN: QUANTITlt !O'ER CLEANING CYCLE 

AIR PREHEATER CLEANING 

G H J K L M N 

Batch Volume Alkalinit coo Total Solids Diss~Y~~! Solids Sus Tga~! Solids 

cycles/yr 

12 

m (1000 gal. ) (lb) kg (lb) kg 

6.54 

7.66 

6.8 

(lb) kg (lb) kg 

12 

8 
12 

5 
6 
4 

B 

2 
8 

409 

852 

1363 

2272 

265 

162.8 

378.6 

c 

2626 
90.8 

Ammonia 
(lb) kg 

2.378 

4.49 

8.1 

12 

o. 722 
0.925 
2.)76 

1.49 

0.039 

B 

1.08 
2.04 

3.68 
5.45 

0.328 

0.42 

0.988 

0.68 
0.018 

c 

Sodium 
(lb) kg 

l. 799 

0 

0 

8630 

552 
-0.35 

l.66 

0 

9 

0.818 

0 

0 
c 3918 

251 
-0.16 

0.757 

0 

4.09 

D 

108 

225 

360 

600 

70 

43 

100 

720 
24 

E 

-72.02 

-76.65 

-90.08 

-530.39 

189. 73 
-19. 71 
-25.02 

-240 
5.99 

F 

-32. 7 14.4 

-34.8 16.87 

-40.9 14.98 

-240.8 35.02 

86.14 116.7 

-8.95 5. 72 

-11.36 9.16 

-109 
-2.12 

G 

1134 
19 

15.9 

53 

2.6 

4.16 

11951 

24964 

40528 

65515 

2616 

4768 

11257 

5426 

11334 

18400 

29744 

1188 

2165 

5111 

7907 
16605 

27022 

44264 

4467 

3189 

8249 

BOILER FIRESIDE CLEANING 

515 

8.63 
40861 18551 

4002 1817 
35127 

3002 

3590 

7539 
12268 

20096 

2028 

1448 

3745 

15948 
1363 

AIR PREHEATER CLEANING (continued) 

J K L 

Nitrate Phos horus Hardness Chromium Co r 

(lb) kg 

3.414 
5.06 

11.25 
5.48 

0.471 

1.074 

3.37 

14.75 

0.7 

D 

Zinc 

1.55 
2.3 

5.11 

2.49 

0.214 
0.488 

l.53 

6.7 

0.318 

E 

(lb) kg 

4.43 

8.97 

14.93 

25.02 

0.283 

l. 788 

2.07 

28. 72 
2 

2.011 

4.075 

6. 78 

ll.36 

0.1285 

0.812 

0.942 

13 .042 

0.908 

(lb) kg 

0.513 

2.66 

4.67 

5.86 
0.035 

0.559 

l.32 

11.l 

0.257 

F 

BOD 

0.233 
1.21 

2.12 
2.66 

0.016 

0.254 

0.6 

5.04 
0.117 

G 

(lb) kg 

3.6 

0 

0 

15.01 

2.335 

1.793 

1.668 

0 

0 

l.635 

0 

0 

6.815 
1.06 

0.814 

0.757 

0 

0 

(lb) kg (lb) kg (lb) 

3949 

8255 

13372 

22196 
476.8 

1577 

3709 

35409 

791.41 

H 

Turbidit 

JTU 

495 
476 

497 
478 

500 
500 

498 

476 
98 

1793 

3748 

6071 
10077 

216.5 

716 
1684 

1.1. 

24.25 

39.03 

59.19 

0.749 

0.458 

0.533 

0.529 

11.01 

17. 72 

26.875 

0.34 
0.208 

0.242 

4.434 

0 

2.907 

l. 788 

l.86 

BOILER FIRESIDE CLEANING (continued) 

16076 

359.3 

0.0299 

0.998 

0.0136 

0.453 0.249 

AIR PREHEATER CLEANING (continued) 

BOILER FIRESIDE CLEANING (continued) 

M 

kg 

2.018 

0 

l.32 

0.812 

0.848 

0.113 

(lb) kg 

1975 

4008 

6603 

10788 

477.9 

785.24 

1634 

3823 

897 

1820 

2998 

4898 

217 

356.5 
833 

1736 

119.09 54.07 

N 0 

Iron 

(lb) .kg 

1531 

3189 

5103 

8506 

3.495 

2.13 

2.379 

900 

30 

695.l 

1448 

2317 

3862 

1.587 

0.967 

1.08 

408.9 

13.63 

0 p 

Sulfate 

(lb) kg 

1066 

2231 

3601 

6114 

692 

423.8 

979 

11949 

299.4 

p 

Ma 

(lb) 

874.45 

1850 

2986 
4812 

107.4 

352.4 

828 

484 

1013 

1635 

2776 

314.2 

192.4 

444.5 

5425 
135.9 

Q 

sium 
kg 

397 

840 

1356 
2185 

48.76 

160 

376 

11949 5425 

190.35 86.42 

Q R 

Chloride 

(lb) kg 

1.801 

0 

0 

9989 

0 
-8.96 

-14.16 

0 

18.01 

0.8178 

0 

0 

4534 

0 

-4.07 

-6.43 

0 

8.18 

s 

Nickel 
(lb) kg 

67.55 

140.72 

225 
375.3 

28.63 
17.93 

20.83 

30.02 

30.67 

63.89 

102.2 

170.38 

13 

8.14 

9.46 

13.63 



Cleaning frequency is usually about once a month, but frequencies of 4 
to 180 cleanings per year are reported in Table A-V-5. 

Chemical data for air preheater cleaning are also shown in Table A-v-s. 
Data for plant number 3412 appears to deviate considerably from the 
other plants, and much of the data reported varies considerably from 
other plants, by as much as an order of magnitude. 

Miscellaneous small equipment 

At infrequent intervals, other plant components such as condensate 
coolers, hydrogen ccolers, air com~ressor coolers, stator oil coolers, 
etc. are cleaned chemically. Inhibited hydrochloric acid is a common 
chemical used for cleaning. Detergents and wetting agents are also 
added when necessary. ~he waste volume is, of course, smaller than that 
encountered in other type of chemical cleanings. Pollutant parameters 
are low-high pH, total suspended solids (TSS) metallic components, 
oil, etc. 

Stack 

Depending upon the fossil fuel used, the stack may have deposits of fly 
ash, and soot. Acidity in these deposits can be imparted by the sulfur 
oxides in the flue gases. If a wet scrubber is used to clean the flue 
gas, process or equipment upsets can resuit in additional scaling on the 
stack interior. Normally, high-pressure water is used to clean the 
deposits on stack walls. These wastes may contain total suspended 
solids (TSS), high or low pH values, metallic species, oil, etc. 

Cooling tower basin 

Depending upon the quality of the make-up water used in the cooling 
tower, carbonates can be deposited in the tower basin. Similarly, 
depending upon the inefficiency of chlorine dosages, some algae growth 
may occur on basin walls. some debris carried in the atmosphere may 
also collect in the basin. Consequently, periodic basin washings with 
water is carried out. The waste water primarily contains total 
suspended solids (TSS) as a pollutant. 

Ash handling 

Steam-electric powerplants which utilize oil or coal as a fuel produce 
ash as a waste product of combustion. 'Ihe total ash is of two sorts: 
bottom ash and fly ash. Bottom ash is the residue which accumulates in 
the furnace bottom, and fly ash is the material which is carried over in 
the flue gas stream. 

Ash-handling is the conveyance of the accumulated waste products to a 
disposal system. The method of conveyance may be either wet (sluicing) 
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or dry (pneumatic). This report discusses the wet ash handling system 
and in particular, the waste water which it produces. 

The chemical characteristics of ash handling waste water is basically a 
function of the fuel burned. The following table lists commercial fuels 
for power production. 278 

Fuels Containing 
Ash 

All coals 
Fuel oil-"Bunker C" 
Refinery sludge 
Tank residues 
Refinery Coke 
Most tars 
wood and wood products 
Other products of vege-

table 
Waste-heat gases (most) 

Blast-furnace gas 
Cement-kiln gases 

Fuels Containing 
Little or No Ash 

Natural gas 
Manufactured gas 
Coke-oven gas (clean) 
Refinery gas 
Distillat"es (most) 
Combustion-turbine exhaust 

Of the fuels containing ash, coals and fuel oil are mostly used in the 
power industry. 

coal 

coal is the most widely used fossil fuel in United Stated powerplants. 
In 1972, 335 million tons of coal were consumed in the u.s. for power 
generation. The average ash content of coal is 11% for the nation, 238 
with a range from 6 to 201. It may, therefore be estimated that roughly 
37,000,000 tons of ash were produced in 1972 by U.S. powerplants. 
Disposal of this quantity of solids from the waste water stream has 
prompted most utilities to install some sedimentation facility. In many 
cases, ash settling pends are used. A typical ash pond is illustrated 
in Figure A-V-9, which is located in plant no. 4217. However, in some 
cases, because of unavailability of land, aesthetics, or some other 
reason, utilities have installed more sophisticated materials-handling 
systems based on the sedimentation process. 

The characteristics of the water handling coal ash is related to the 
physico-chemical pro~erties of that ash and to the volume and initial 
quality of the water used. Table A-V-6 lists some of the constituents 
of coal ash.23e Table A-V-7 shows the volume and time variabilities of 
water flow in an ash randling system. Reference 21 reports that water 
requirements for ash handling are as follows: 

fly ash 1,200-40,000 gal/ton ash conveyed 
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TYPICAL ASH POND 
PLANT NO. 4217 

Figure A-V-9 
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Table A-V-6 

CONSTITUENTS OF COAL ASH 238 

Constituent Percent 

Si0
2 30-50 

Al
2

o
3 20-30 

Fe
2

o
3 10-30 

Tio
2 0.4-1.3 

Cao 1.5-4.7 

MgO o.5-1.1 

Na
2

o 0.4 1.5 

K
2

0 1.0-3.0 

so3 0.2-3.2 

c and volatiles 0.1-4.0 

p 0.1-0.3 

B 0.1-0.6 

U and Th 0.0-0.1 

Cu trace 

Mn trace 

Ni trace 

Pb trace 

Zn trace 

Sr trace 

Ba trace 

~r trace 
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Table A-V- 7 

TIME OF FI.ai FOR ASH HANDLING SYSTEMS 

Plant No. 0110, a 952 MW unit fueled by pulverized coal 

- basis is one 8-hr cycle -

Dut_v Flow Rate .. anm Duration .. minutes 

H. E. #1 1,960 
Flushing 600 
H. E. #2 1,960 
Flushing 600 
H. E. #3 1,960 
Flushing 600 
Purge 1,960 
Fill 1,500 
Pyrites Tank 2,660 
Purge 2,660 
Grider Seal 8 
Mill Rejects 515 
Pressure Transfer 1 
Hydrovac* 4,604 
Bubblers 4 
Cool Weirs 540 
Pyrites Tank Make-Mp 640 

*NOTE: Only significant item pertaining to fly ash handling. All 
other items pertain to bottom ash handling. 

120 

73 
15 
60 
20 
47 
15 
3 x 8 each 
3 x 15 each 
12 
8 

180 
7 x 6 each 

210 
270 
continuous 
continuous 
12 



bottom ash 2,400-40,000 gal/ton ash conveyed 

The relative percentages cf bottom ash and fly ash depend upon the mode 
of firing and the type of combustion chamber. Following figures are 
satisfactory averages, for a coal of 13,000 Btu/lb. 

Type of operation 

Pulverized coal burners 
Dry bottom, regardless of type 

of burner 
wet bottom 

(without fly ash rein jection) 
cyclone ~~§ 
spreader stokers 

(without fly ash rein jection) 

Fly ash (% of total ash) 

85 
65 

20 

65 

The number of variables involved in characterizing the water used for 
ash handling is such that it is not probable that any two plants would 
exhibit the same waste stream characteristics. The approach taken in 
this report is to examine a cross section of plant data. There are no 
data available on the actual ash sluicing waste water. However, since 
most plants now employ a settling pond, the ash pond overflow data can 
be used to evaluate associated waste water characteristics. These .data 
are summarized in Table A-V-8. 

In that table, plant capacities range from 31MW to 2533MW and the ash 
pond overflow varies tetween 1817 M3/day (480,000gpd) and 122,946 M3/day 
(32,473,000 gpd). 

Because of the 
the data also 
the effluent. 
life. 

Oil 

large variation in quality of coal used in powerplants, 
show a wide variation in concentration of trace metals in 
Some of the metals discharged may be harmful to aquatic 

The ash content of fuel oils is low (about 1% of the amount commonly 
found in coal). 278 It is generally 0.10 to 0.15% by weight, although 
it may be as high as O. 2%. 

The quantity of ash ~roduced in an oil-fired plant is very small, but 
the settling characteristics of oil ash are not as favorable as those of 
coal ash. It has been found that in some cases recycling oil fly into 
the furnance increases efficiency and eliminates the fly ash disposal 
problem. Depending on the vanadium content of the oil, the dry bottom 
ash can actually be ~ saleable by-product. 

Most oil ash deposits are partially soluble and can be removed by water 
washing. Generally the washing is done while the unit is out of 
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Plant 
~ Plant capacity FJ!el Flow 

TABLE A-V-8 

CHEMICAL WASTE CHARACTERIZATION 

ASH PONO OVERFLCM _,NET DISCHARGE 

CHANGE IN PARAMETER LEVEL _FROM INTAKE TO PISCHARGE 

Total Solids Total Dissolved Solids 
MW MWHr/day C - Coal m3/day (lOOOgpd) mg/l (lb/day) kg/day (lb/MWHr) kg/MWHr mg/l (lb/day) kg/day (lb/MWHr) kg/MWHr mg/l 

3412 
3416 
3404 
3402 
3401 
3405 
1703 
1720 
1710 
1722 
1709 
1711 
1711 

•1711 
3936 

..... 3936 
:::l *3936 

3927 
2616 
1808 
1729 
1718 
3930 
3930 

*3930 
1825 
1825 
1825 
1825 

*1825 
3920 
1816 
2608 
0111 
,704 
2119 
2119 

*2119 
0107 
3514 
1716 
1716 

*1716 

1114.5 
740 
300 
308 

31 
116.2 
766 

1178 
1162 
1232 

690 

1179 

1086 
1469 

933 
732 
186 

1042 

500 

1304 
544 
600 
510 

1300 
823 

2558 
568 

2152 

676 

13205 
10525 

5420 
4965 

865 
1629 
6288 

16155 
3164 

15563 
0706 

21872 

18908 
21705 
14276 
12050 

2978 
13856 

3816 

24813 
7695 

10149 
7550 

18169 

9874 

31458 
5741 

11315 

11092 

0 - Oil 

C/O 
c 

C/O 
C/O 

c 
C/O 
c 
c 

C/O 

c 
0 

c 

c 
c 
c 
c 
c 

C/O 

c 

c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

19574 
13100 

2556 
2721> 

9132 
18.17 
22716 
49218 

2726 
98436 

3786 
32560 

2650 
35210 

3786 
22716 
26502 

5300 
15901 
15144 

1817 
53000 
15144 
3786 

18930 

37103 

12115 
6058 
114 

55390 

27259 
3786 
5679 

27782 
15434 
40694 
82252 

122946 
2726 

10865 
1893 

568 
2461 

*tota1 of more than one waste stream for plant 

5170 
3460 

675 
720 

2412 
4.B 

6000 
13000 

720 
26000 

lOOO 

8600 
700 

9300 
1000 
6000 
7000 
1400 
4200 
4000 

480 
14000 

4000 
1000 
5000 

9800 
3200 
1600 

30 
14630 

7200 
1000 
1500 
7338 
4076 

10748 
21725 
32473 

720 
2870 
500 
150 
650 

3560 153490 
-23 -663 
1879 10577 

54 324 
-1338 -26914 
-18509 -745 
-240 -12008 

362 39247 
0 0 

112 24284 
309 2574.9 
509 36506 
506 2954 

39460 
387 3227 
680 34026 

37253 
647 7552 

0 0 
121 4035 
670 2680 

79 9222 
1124 37491 
1084 9013 

46504 
626 51163 
525 14011 
500 

1000 

300 
1290 

230 
295.5 

-1 
475 

61 

6669 
250.2 
72093 

18614 
10757 

2876 
18084 

- 34 
42578 
11052 
53630 

182 1093 

414 1724.7 
324 405.32 

2129.39 

69688 
-301 
4802 

147 
-12219 

-338 
-5452 
17818 

0 

11025 
1169 

16574 
1341 

17915 
1465 

15448 
16913 

3429 
0 

1832 
1217 
4187 

17021 
4092 

21213 
23228 
6361 
3028 

113.6 
32730 

8451 
4884 
1306 
8210 

-15 
19330 

5017 

11.62' 
-0.064 

1.952 
0.065 

-31.1 
-o. 457 
-1.91 

2.423 
0 

1.54 
0.295 
1.652 
0.135 
1. 787 
0.169 
1. 799 
1.968 
0.345 
0 
0.334 
0.9 
0.665 
9.82 
2.356 

12.176 
2.06 
0.564 
0.268 
0.01 

2.9031 
2.41 
1.06 
0.362 
0.9953 

-.0034 
1.3535 

.3513 

5.272 
-o.02n 
0.886 
0.0296 
-14.12 
-0.207 
-0.867 
1.1 
0 

0.7 
0.134 
0.075 
0.061 
0.0811 
0.077 
0.816 
0.893 
0.157 

0 

0.152 
0.408 
0.302 
4.46 
1.07 
5.53 
0.936 
0.256 
0.122 
0.0045 
1.319 
1.098 
0.481 
0.164 
o. 4518 

-.0016 
.6145 
.1595 

24347 1-7048 0.7740 
496.16 0•1904 0.0864 

783 .1553 .0705 
184. 01 • 0365 . 0166 

967 0.1928 0.0871 

3328 143495 65147 10.87 4.929 91 
-110 -3174 -1441 -0.308 -0.14 40 

1852 10423 4732 1.92 0.873 27 
40 240.2 109.04 0.483 

-30.41 
o. 219 14 

-1309 -26323 -11951 -13.81 l 

-18520 -741.41 -336.6 -0.455 -0.206 11 
-129 

330 
108 
106 
328 
486 
499 

447 
650 

620 
0 

364 
646 

75 
1059 
1081 

611 
435 
460 
500 

-320 
1210 

225 

193 
844 

445 
27,7 

-6453 
35777 

648.45 
22984 
2735 
34856 

2912 
37768 

2892 
32524 
35416 

7237 

0 

12143 
2586 
8755 

35328 
9013 

44341 
49934 
11608 

6136 
125.11 

67803 
-18614 

10090 
2812 

1159 
20201 

1854 
346.52 

2200 

-2930 
16243 
294.4 
10435 
12417 
15825 

1322 
17147 

1313 
14766 
16079 

-1.026 
2.12 

0.2048 
1.475 
0.3127 
1.586 
0.133 
l. 719 
0.153 
1. 719 
1.873 

3286 0.3326 
0 0 

5513 1.006 
1174 0.868 
3975 0.632 

16039 9.25 
4092 2.356 

20131 11. 606 
22670 

5270 - 0.467 

-0.465 -111 
1 32 

0.093 0 
0.67 -1 
0.142 -13 

o. 72 23 
0.06 7 
0.78 
0.069 17 
o. 78 94 
o.as 
0.151 17 
0 0 
0.457 -243 
0.394 51 
0.287 1 
4.2 65 
1.07 
5.27 
o. 91 15 
0.212 BS 

2786 0.247 0.112 35 
56.8 .00504 0.00229 100 

30782 2.72 1.237 
-8451 -2.398 -1.098 -4 

4581 0.994 0.4513 36 
1277 0.354 0.1607 

526 0.2Dl9 0.0917 -11 
9171 1.785 0.8098 -337 

842 .1672 • 0759 -7 
157.32 .0312 .0142 69 

999 0.1984 0.0891 

Total Suspended Solids 
(lb/day) kg/day (lb/MWHr) kg/MWHr 

x 106 x 106 

3923 
1154 

152 
84.05 
20.11 
0.44 

1781 
524 

297100 134800 
112066 50878 

69 28044 12732 
38.16 16931 7687 

9.13 2323 1055 

0.20 270 123 
-5552 

3469 
0 

-216.7 

-2521 -89867 -40800 
1575 213656 97000 
0 0 0 

-98.4 -13920 -6320 
-108.3 -49.2 -12445 -5650 

1647 748 75110 34100 
40.86 18.55 

1687.86 766.55 
1868 

76978 
848 

34948 
141.76 64.36 7467 3390 

4702 2135 248678 112900 
4843.76 2199.36 256145 116290 

198.45 90.l 9141 4150 
0 0 0 0 

-8105 -3680 -671800 -305000 
203.96 92.6 68491 
116.74 53 8266 

2167.4 984 567841 
25 11.35 6555 

2192.4 995.35 574396 
1224.67 556 49339 

2268 1030 91418 
4669 212 

25.02 ll.36 
8186 1809 
-300 -136.3 

300 136.3 
62.53 28.39 

18819 
1008 

160584 
-39017 

29581 
7868 

31095 
3753 

257800 
2976 

260776 
22400 
41504 

8544 
458 

72906 
-17714 

13430 
3572 

-66.os -29.90 -11504 -s223 

-8066 -17767 -712900 -323400 
-29.07 -13.2 -2621 -1190 
86.319 39.188 7782 3533 

57.25 26 5161 2343 



3412 
3416 
3404 
3402 
3401 
3405 
1703 
1720 
1710 
1722 
17P9 
1711 
1711 

*J.711 
3936 
3936 

*3936 
3927 
2616 
1808 
1729 
1718 
3930 
3930 

*3930 
1825 
1825 
J.825 
1825 

*1825 
3920 
1816 

mg/l 

736 
25 

-12 

-252 

99 

255 
357 
220 
110 

207 
335 

275 

388 
51 

340 
350 

406 
250 
200 
270 

2608 0 
0111 283 
4704 -134.8 
2119 272.3 
2119 31.3 

•2119 
0107 
3514 
1716 
1716 

*1716 

83 
74 

Tpt;al HardneaB (CaC<Q) 

(lb/day) kg/day (lb/MilHr) 
x 106 

31733 
1010 

-72.04 

-10.04 

10731 

55293 
2975 

15777 
642 

16419 
1724 

16762 
18486 

3209 

1552 
5953 

11341 
2918 
14259 
33182 

6671 
2668 

67.55 
42588 

0 

17319 
-4582 
24408 

5671 
30079 

346 
92.57 

438 

14407 
458.S 

-32.71 

-4.56 

4872 

25103 
1351 
7163 

291.55 
7454 

783 
7610 
8393 
1457 

2403000 1090000 
98057 44518 

-14513 -6589 

-6165 -2799 

662995 301000 

3.546xlo6 1610000 
341409 
720264 

29361 
749625 

90969 
886249 
977218 
147577 

155000 
327000 

13330 
340330 

41300 
402357 
443657 

67000 

705 521445 236736 
2703 429687 195078 
5149 2970000 1349000 
1325 764860 347248 
6474 3735000 1696000 

15065 1320000 600000 
3029 

1211.S 
30.67 

268881 
107541 

2722 
19336 1699000 

122072 
48824 

1236 
772132 

0 0 0 
7863 953233 432768 
-2078 -464000 -210500 

11081 775892 352255 
2574 180278 81846 

13655 

157.1 
42.02 
199 

956170 

31057 
8346 

39403 

434101 

14100 
3789 

17889 

*total of more than one waste stream for plant 

mg/l 

152 
2.2 
120 

8 
-240 
-996 

45 
-18 

43 
63 
34 

286 
-26 

158 
201 

60 
123 
128 
527 

98 
220 
300 

180 
225 
314 
132 

200 
28 
93 

61.S 

129.9 
446 
230 
-49 

TABLE A-V- 8 

CHEMICAL WASTE CHARACTl!:RIZAT ION 

ASH PC?NJ? D''E'RFTAlJ - NET nrgcttABGB (continued) 

CHANGB IN PARAME 'IER LEVE I. FROM INTAKE TO D ISCHARGB 

Sulfate Alwpinwp 

(lb/day) kg/day mg/l (lb/day) kg/day (lb, MilHr) kg/Miillr (lb/MlfHr) kg /Mllllr 
x lo6 x irf> 

6554 
63.48 
675.S 
48.01 
-4826 
-42.S 

2251 
-1951 

2973 
28.82 

306.68 
21.8 

-2191 
-19.3 
1022 
-886 

258.19 117.22 
13658 

258.37 
20513 

-151. 78 
20665 
1317 

10057 
11374 

700 
4308 

6201 
117.3 

9313 
-68.91 

9244 
598 

4566 
5164 

318 
1956 

4268 1938 
2109 957.S 

11440 5194 
7339 3332 
2501 1135.8 
9840 4467.8 

14709 6678 
60044 2726 

4189 1902 
33.01 14.99 
78975 11321 

1667 
350.22 
5691.S 
2090.6 

840.07 
10675 

959 
-61.3 

897.3 

757 
159 

2584 
949 

381.1 
4846 

435.4 
-27.83 

407.6 

x 106 x 106 

496300 225100 0.075 
6163 

124378 
9676 

2798 
56468 

4393 
-5570000 -2530000 

-26165 -11879 
357929 162500 

-54800 0.011 
37000 

398000 0.15 
13400 0.1 

425000 e 

3.233 

1.19 

32.51 
0.722 

0 

-120704 
81497 

876651 
29515 

936123 
-6940 

929183 
69603 

531749 
601352 

32158 
301762 

-3151 -0.145 -0.8326 
421849 

31600 
241414 
273014 
14600 0.153 

137000 1.67 
352420 160000 
708205 321525 
825674 374856 1.350 

1922907 873000 0.021 
655599 297642 0.021 

2578506 1070642 
592511 269000 
241993 109865 
168841 76654 

1330 604 
1004675 456123 

164097 
44057 

313253 
211730 

74500 
20002 

142217 
96125 

6 

146328 
943400 

86343 
-5526 
80817 

66433 5.30 
428300 -
39200 -0.22 

-2509 0.1 
36691 -0.12 

-0.8326 

1.784 
58.48 

157.62 
0.7 

0.175 
0.875 

so 

32.12 

-0.916 
0.125 

-o. 791 

1.468 

0.541 

14. 76 
0.378 

0 
-0.384 
-0.384 

0.81 
26.55 

71.56 
0.318 
0.0795 
0.3975 

22.72 

244 

72.68 

2070 
94.71 

0 

-39.6 
-39.6 

81.49. 
4097 

11376 
182.82 
46.25 

229.07 

4912 

14.58 5597 

-0.4160 -81.49 
0.0568 11 

-0.3592 -70.49 

111 

33 

940 
43 
0 

-18 
-18 

37 
1860 

5165 
83 
21 

104 

2230 

2541 

-37 
5 

-28 

mq/l 

-0.113 
0 

0.01 

O.:U9 

0.00001 
-0.014 

0 
-0.03 

0.0005 
0.007 

0.011 

0.001 

0.080 

0.004 
0.007 
0.005 

0 

Chr9Pitup 

(lb/day) kg/day (lb/MllHr) kg/MWl!r 
x 106 x io6 

-4.86 
0 

0.059 

-2.21 
0 

0.027 

-368 
0 

11 

0.0055 0.0025 
0.0005 0.00023 
-1.515 -0.688 

3.407 
0.079 
-92.5 

0 

-0.174 
-0.17 

0.0044 
0.35 
0.354 
0.1277 

0 0 
-0.079 -8.B 
-0.019 -a.a 
0.0019 0.218 
0.159 17.6 
0.1609 17 .Bl 
0.058 5.88 

0.116 0.053 8.81 

6.54 2.97 262 
0.105 0.048 4.4 
0.092 0.042 4.4 

0.001251 0.000568 0.005 
6.738 3.06 270.85 

0 0 0 

-167 
0 

5 

1.547 
0.036 
-42 

0 
-4 
-4 

0.099 
8 

8.099 
2.67 

4 

119 
2 
2 

0.023 
123.03 

0 



Plant 
~ 

mg(l 

0 

-4 

52 

-1609 

(lb/day) 

0 

-115.4 

1046 

-63. 43 

Sodium 

kg/day 

0 

-52.4 

56.07 

-28.8 

(lb/MW!lr) 
x 106 

0 

-ll204 

kg(MWHr 
x 106 

0 

-5087 

1209000 548500 

-38940 -17679 

mg(l 

-19 

-6 

0 

160 

-110 

TABLE A-V· 8 

CHEMICAL WASTE CHARACTERIZATION 

ASH POND OVERFLo.-1 - NET DISCHARGE - (continued) 

CHANGE IN PARAMETER LEVEL __ FROM INTAKE TO DISCHARGE 

Alkalinity ccaC9Jl 
(lb/day) kg/day (lb(MWHr) 

-819.2 
-173 .1 

0 

960 

-371.fi 
-78.6 

0 

436 

x 106 

-62000 
-16808 

0 

193508 

kg/MWHr 
x 106 

-28100 
-7631 

0 

87853 

mg/l 

-0.03 

0 

-2.4 

0.66 
-3 

(lb/day) 

-0.859 

0 

-14.4 

0.026 
-150 

Ammonia (N) 

kg/day (lb/MWHr) kg/MWHr 

-0.39 
0 

-6.54 

0.012 
-68.l 

x 106 x 106 

-83.39 

0 

-2903 

16.21 
-23852 

-37.86 
0 

-1318 

7 .36 
-10829 

3412 

3416 
3404 

3402 
3401 

3405 
1703 
1720 

1710 
1722 

1709 
1711 
1711 

982 106467 48336 6.58xl06 2.99xl06 10 
-5504 

1084 
0 

433. 7 

58.37 
-4804 

-2499 
492.2 

0 

196.9 
26.5 

-2181 
169.6 

-2010.4 

-875ll0 

66960 
0 

27753 

-397300 
30400 

0 

-5 -541 -246 -33480 -15200 

..... 

*1711 

3936 

3936 
~ *3936 

3927 
2616 
1808 

1729 

1718 
3930 

3930 
*3930 

1825 

1825 
1825 
1825 

*1825 

3920 

1816 

2608 
Olll 

4704 
2ll9 

2119 
•2119 

0101 

3514 

1716 

1716 
*1716 

·-3 

173 

30 
32 

73 

14 

3 

92 
88 

27 

23 
18 
37 

23 

-45 

26 

-136 

5638 

-215.63 
1008 

793 
250.22 

1601 
1851.22 

852.4 
489 

350.2 

3068 
733.83 

3801 

2204 
613.6 
240.15 

9.25 
3067 

287.7 

-187.66 

-170 

-357.6 

2560 

-97.9 

458 
361 

ll3 .60 
726.98 

840.58 
387 
222 

159 
1393 

333.16 
1726.16 

1001 

278.6 
109.03 

4.2 

1392.83 

130.5 

-85.2 

-77.24 
-162.4 

361233 

-9845 

46176 
36331 

13200 
84656 
97856 
39207 
34350 

25275 
803964 
192308 

996272 
88100 

24737 
9678 

372.2 
122887 

37600 

-16916 

-15339 
-32255 

*total of more than one waste stream for plant 

164000 

-4470 

20964 
16494 

6000 

38434 
44434 
17800 

15595 

11475 
365000 

87308 
442308 

40000 

11231 
4394 
169 

55794 

17100 

-7680 

-6964 
-13644 

0 

-67 

64 

13 
13 

69 
-67 

28 
-94 

-15 
120 

95 

75 

48 
70 

65 

-38 
216 

-63 

226.4 
-6.2 

373 
-4431 
108.37 

650.50 
758.87 
805.5 
-2345 

934 
-376.2 

-1751 
4002 

792.2 
4792.2 

6130 
12810 

934 
16.25 
19890 

-2282 

1799 

49.20 

295.33 
344.53 
365.7 
-1065 

424 
-170.8 

-795 
1817 

359.67 
2176 
2783 

581.6 
424 

7 .38 
3786 

-1035 

817 

-787174 -357. 77 

13855 6235 
-210.7 -95.68 

-93 .6 -8390 -3809 

-13. 7 -24f>4 -1118 
-10854 -4927 

-16 -96.07 -43.61 

443. 7 

-22 

15 

10620 4821 

-91. 74 -41. 65 

18.76 8.51 

-72. 98 -33.14 

6696 
-218061 

17083 
-200978 

. 5726 

34392 
40ll8 
37004 

-162995 

77312 
-126330 

-126378 
1048458 

207605 
1256063 

24669 
51625 

37638 
656 

114588 

-2966~0 

177482 
-99125 

755868 
-21346 

-266709 

-77985 

-344694 

-16736 
938600 

-8260 

1692 
-6568 

12600 

3040 
-99000 

7756 
-91244 

2600 

15614 
18214 

16800 
-74000 

0 

0.1 

-5 

0 

-4.5 

0.83 
1.01 

0.51 

0 
35100 0.38 

-57354 0.12 

-57376 -0.04 
476000 

94253 
570253 
ll200 
23438 

17088 
298 

52024 

~134500 

80577 
-45033 

343164 

-9691 
-121086 

-35405 

-156491 

-7599 
426100 

-3750 

768 
-2782 

3.4 

1.2 

0.55 
0.12 

1.1 
0.5 

0.6 
-0.13 

0.4 

-5 

0 

21.67 
-41.69 

0 

6.91 

50.52 
57.43 

5.94 

0 
12.68 

0.48 

-4.67 
ll3.43 

10 
123 .43 

44.9 
3.2 

14.67 
0.1233 

62.89 

30.02 
-1.083 

1.670 
-6.255 
-4.585 

0 

9.84 
-18. 93 

0 

3.14 
22.94 
26.08 

2.7 
0 

5.75 

0.218 

-2.12 
51.5 

4.54 
56.04 

20.4 

1.454 
6.66 
0.056 

28.57 

13.63 
-0.492 

0.76 
-2.84 
-2.08 

0 

13 .92 

-4790 

0 

365.68 

2671 
3036 

273.12 

1000 

160.8 

-337 
29713 

2623 
32336 

1806 
129;9 

592.5 

5.044 
2533 

3900 

-105. 72 

149.78 

-564 
415.78 

0 

6.32 
-2175 

0 

166 
1213 

1379 
124 
0 

500 

73 
-153 

13490 

ll91 
14681 

820 

59 
269 

2.29 
1150.3 

1771 
-48 

68 
-256 
-188 

mg/l 

0 

o. 24 

(lb/day) 

0 
1.44 

-0.33 -0.01 

-0.73 -36.52 
0.12 13 

0 0 
1.3 
0.04 

1.0 
0.16 

0.8 

0.6 

0.33 

0 

0.72 

1.19 

0.09 
4.2 

0.97 

6.1 
2.6 

0.07 
4.6 

-0.8 
-1.35 

-0.19 

0.09 

0.23 

282 
0.33 

71. 7 
1.51 
73.21 
6.87 

30. 02 
36.89 
3.85 

0 

24 

4.75 

10.5 
140 

8.08 
148.08 

498 

69.38 

0.934 
1.149 

569.46 

- 48.04 
-11.25 

-2.37 

0.374 

0.287 
0.661 

Nitrate (N) 

kg/ day (lb/MW!lr) 

0 

.65 

x 106 

0 

290 

-0.005 -6 

-16.58 -5806 

5.9 804 
0 0 

128 
0.15 

32.560 

0.689 
33.249 
3.12 

13.63 

16.75 
1.75 
0 

10.9 

2.16 

4. 77 
63.6 

3.67 

67.27 
226.3 

31.5 
0.424 
0.522 

258.74 

- 21. 79 
-5.ll 
-1.08 

0.17 
0.13 

0.3 

18061 

37.45 

3260 

70.48 
3330 

361 
1588 

1949 

176.2 
0 

1982 

1597 

757 
36696 

2119 
38815 

20044 

2797 
37.44 

46.25 
22924 

- 6000 
-1110 

-299.6 

33 

26 
59 

kg/MWHr 

x 106 

0 

132 

-3 

-2636 
365 

0 

8200 

17 

1480 

32 
1512 

164 

721 
885 

80 
0 

900 
725 

344 
16660 

962 

17622 
9100 

1270 

17 
21 

10408 

- 2700 
-504 

-136 

15 

12 

27 



~ 

Plant 
~ 

3412 
3416 
3404 
3402 
3401 
3405 
1703 
1720 
1710 
1722 
1709 
1711 
1711 

*1711 
3936 
3936 

~ *3936 
3927 
2616 
1808 
1729 
1718 
3930 
393\) 

*3930 
1825 
1825 
1825 
1825 

*1825 
3920 
1816 
2608 
0111 
4704 
2119 
2119 

*2119 
0107 
3514 
1716 
1716 

*1716 

Chloride 
mq/l (lb/day) kq/day 

2415 
-1 
1700 
13.5 
-140 

15 
75 

1 
34 
81 
21 

-16 

104121 
-28.85 

9570 
81.01 
-2815 

750.5 
8130 

6 
7372 

675.3 
1506 

-93.4 
1412.6 

35 291.85 
51 

161 
2 
1 

41 
8 

120 
120 

30 
29 
32 

152 

41 

2551 
2842 
1879 

70.04 
33.35 
164.l 

934 
4002 
1000 
5002 
2451 

773. 78 
426.8 
38.01 

3689 

341.4 

-2.5 -153 
-43. 7 -1485 
-13.4 -1201 
-16.4 -2971 

73 
163 

26 

-4172 

1747 
679.6 
32.52 
712.1 

47271 
-13.l 

4345 
36.78 
-1278 

340.74 
:J691 

2.726 
3347 

306.6 
683.7 
-42.4 
641.3 
132.5 

1150;5 
1291 

853.3 
31.8 

15.144 
74.5 

424 
1817 

454.3 
2271 
1113 

351.3 
193.8 

17.26 
1675 

155 

-69.46 
-674 

-5.45.3 
-1349 
-1894 

793.2 
308.56 
14.76 

323.32 

TABLE ll=V- 8 

CHEMICAL WASm CffARAC'l'BR]ZATION 

ASH PONp OVERl'W!5'- llBT pJSEHARGB (continuted) 

CHANGE IN PARAME:IER Il!:VJ!L FROM INTAllE 'l!O DISCHARGE 

(lb/MW!lr) 
x 106 

kq/MW!lr 
x 106 

mq/l 
Copper 

(lb/day) kq/day (lb/MW!lr) 

x 106 

7885000 
-3215 
1765918 

3577000 -0.001 -0.043 
0 

-0.0196 
0 

-l 

0 -1460 0 
801727 

16319 7409 -0.006 -0.0359 -0.0163 -6.6 
-3230000 -1470000 

' 

119350 
503295 

1898 
473678 

77588 
68859 
-4271 
64588 
15431 

54185 
228496 

862 
215050 
35225 
31262 
-1939 
29323 

7006 
61249 
68255 
39314 

2228 
1257 

0.02 0.166 0.075 18.94 

0.005 0.0573 0.026 2.62 

134909 
150340 

86594 
4907 
2768 

55101 25016 -Q.037 -0.148 -0.0672 -50.66 
67400 30600 

1049000 476226 
262240 119057 

131100"0 595283 
98804 44857 
31189 14160 
17207 7812 

1533 696 
148733 67525 

33480 15200 

-8421 . -3823 
-150449 -68303 
-38183 -17335 
-94458 -42884 
-132641 -60219 

61273 
2932 

64105 

27818 
1331 

29149 

0.06 0.36 0.1635 62 

kq/MW!lr 
x 106 

-1 
0 

-3 

8.6 

1.19 

-23 

28 

mq/l 

-0.479 
0.045 

0.6 

0.28 

(lb/day) 

-20.65 
l.297 

-27.62 

65 

60.7 

Iron 

kq/day 

-9.376 
0.589 

-12.54 

29.53 

27.56 
0.001 0.008326 0.00378 

0 0 0 
-0.252 -l.4978 -0.68 

( lb/llllHr) kq/MWHr 

x 106 x lrf> 

-1600 -726 
125.55 57 

-5563 -2626 

4008 1820 

3898 1770 
0.9559 0.434 
0 0 
-68.28 -31 

-1.4978 -0.68 -68.28 -31 
0.034 0.2819 
0.040 2.0 

2.2819 
0.099 l.15 
1. 770 61.98 

-0.593 -2.37 
-0.387 -45.8 

0.128 14.98 6.8 
0.908 
1.208 
0.524 
28.14 

-1.077 
-20.0 

105. 72 48 
120.70 54.8 

52.86 24 
4341 1971 

-797 -362 
-3306 -1501 

0.02 
0.09 
0.032 
0.098 
0.141 

1.634 0.742 63.87 29 

0.44 
2.894 

0.15 

2.4 1.09 96.9 44 
0.4270 0.194 17.6 8 
0.0245 0.0111 0.984 0.447 
4.4855 2.037 

26.92 
98.37 

0.9 

12.22. 
44.66 

0.409 

179.35 81.447 

1482 
9963 

32 

673 
4523 

71 

*total of more than one waste stream for plant 

Manganese 
mq/l (lb/day) kq/day (lb/Milllr) 

x 106 

0.02 4.34 l.97 277.5 
0.0002 0.001652 0.00075 0.189 

0.076 8.85 4.02 

-0.02 -1.224 -0.555 
0.102 3.467 1.574 

40.74 

-68 
350 

126 
0.0861 

18.5 

-31 
159 



Plant 
Code 

3412 
3416 
3404 
3402 
3401 
3405 
1703 
1720 
1710 
1722 
1709 
1711 
1711 

*1711 
3936 
3936 

:::; *3936 
Q 3927 

2616 
1808 
1729 
1718 
3930 
3930 

*3930 
1825 
1825 
1825 
1825 

*1825 
3920 
1816 
2608 
0111 
4704 
2119 
2119 

*2119 
0107 
3514 
1716 
1716 

*1716 

mg/l 

156 

-ll 

18 

25 

-3 

10 

15 
14 

21 
0.1 

-2 

0 
12 
11 

12 

-3.8 
-1.9 

10 

6 

18 

Magnesium 

(lb/day) kg/day (lb/MWHr) 

6724 

-54.03 

1951 

5420 

-215.6 
58.37 

-157.23 
125.11 
700 
825.ll 
244.5 
3.50 

-233.48 

0 

320.26 
146.76 

2.99 
470 

-232.55 
-64.58 

239.36 
25.02 
22.52 
47.54 

3053 

-24.53 

886 

2461 

-97.9 
26.5 

-71.4 
56.8 

318 
374.8 
111 
1.59 

-106 

0 

145.4 
66.63 
1.36 

213.4 

-105.58 
-29.32 

x 106 

509200 

-10885 

120704 

348017 

-9846 
2669 

-7177 
6608 

37037 
43645 
11233 

3898 

-16850 

0 

12907 
5914 

121.l 
13942 

-12800 
-6542 

108.67 21100 
11.36 
10.22 
21.58 

2247 
2031 
4278 

*Total of more than one waste stream for plant 

kg/MWHr 

x 106 

231600 

-4942 

54800 

mg/l 

158000 0.0002 

-4470 
1212 

-3258 
3000 

16815 
19815 

5100 
1770 

TABLE A-V- 8 

CHEMICAL WASTE CHARACTERIZATION 

ASH POND OVERFLa'I - NET DISCHARGE (continued) 

CHANGE IN PARAMETER LEl@L irROM INTAKE TO DISCHARGE 

Mercur 
(lb/day) kg/day 

0.044 0.0197 

(lb/MWHr) 

x 106 

2. 77 

kg/MWHr 
x 106 

1.26 

Nickel 

mg/l (lb/day) kg/day 

-0.054 -2.32 -1.057 

0.01 2.167 0.984 

0.011 0.1277 0.058 

-0.002 -0.00793 -0.0036 -0.44 -0.2 
-7650 

0 

5860 
2685 

55 

8600 

-5811 
-2970 

9600 
1020 

922 
1942 

0 0 0 0 0 

0.015 
0.008 

0.5 
0.066 
0.566 

0.227 
0.0302 
0.257 

(lb.· MWl!r) kg/M'1Hr 

x 106 x 106 

-175 

139.2 

5.88 

130.83 
17.62 

148.45 

-so 

63.2 

2.67 

59.4 
8 

67.4 

Zinc 
mq/1 (lb/day) kq/day tlb/MWHrl kg/MWHr 

x 106 x 106 

-0.014 -0.603 -0.274 -45 
453.7 
0.134 

0.162 4.67 2.12 
0.00013 0.00073 0.00032 

0.17 
0.117 
0 

3.41 1.552 3951 
2.86 
0 

0.00467 0.00212 
0 0 

-0.073 -7.9 -3.59 -489 

0.03 
0.011 

0.009 
0.009 

0.003 

-0.01 

6.5 
0.09 

0.0749 
0.45 
0.5249 
0.035 

-0.332 

0.03 3.5 
0.003 0.099 
0.013 0.108 

0.207 
0.07 5.7 

-0.007 -0.185 
-0.006 -0.079 

2.953 
0.041 

0.034 
0.2044 
0.2384 
0.0159 

-0.151 

416.23 
10.35 

3.94 
24.23 
28.17 
1.6 

-2.75 

1.59 253.3 
0.0450 24.229 
0.0492 28.63 
0.0942 52.959 
2.59 231.27 

-0.084 -6.6 
-0.036 -2.2 

0.001 0.000251 0.000114 0.011 

0.05 

0.12 
-0.02 

5.436 2.47 222.48 

0.30 

0.5 
-0.025 
0.475 

0.14 

0.227 
-0.0113 
0.216 

50 

44 
-2.2 

41.8 

-20 
206 
0.061 

1794 
1.301 
0 

-222 

189 
4.7 

1. 79 
11 

12.79 
0.73 

-1.25 

115 
11 
13 
24 

105 
-3 

-1 

0.005 
101 

24 

20 
-1 

19 



TABLE A-V- 8 

C!!l!MICAL !!ll§TE !;:~g:J!RJZAIIQN 

YI! ~ ~Ill~ - NET l;J;gjCllARGE (continued) 

CHANGE IN PARAMETER IEVllL FROM INTAKE TO DISCHARGB 

Plant Sulfite, lead, Oil and Grease, 

~ Phoseorus (P) Turbiditx Ph!jnols 1 SJH:factang 1 Algis;;:~el 

mg/l (lb/day) kg/day (lb/IM!r) kg/MWHr JTU 
x 106 x 106 

3412 -5 
3416 13 
3404 0 0 0 0 0 
3402 0 0 0 0 0 -29 
3401 183 NO DATA 
3405 -0.5 -0.02 -0.0l -10 -5 8 
1703 -0.33 16.5 -7.49 -2623 -1191 0 
1720 -0.7 -75.88 -34.45 -33480 -15200 
1710 
1722 -0.09 -19.51 -8.86 -1253 -569 10 
1709 -1.19 -9.91 -4.5 -1136 -516 27 
1711 -0.1 -50.22 -22.8 -2290 -1040 -14 
1711 1 

*1711 -50.22 -22.8 -2290 -1040 
3936 0.1 0.815 0.37 41.8 19 
3936 0.2 10 4.54 528 240 ...... 

*3936 10.815 N .... 4.91 569.8 259 
3927 0.14 1.63 0.74 74.89 34 
2616 0 0 0 0 0 
1808 0.26 8.65 3.93 718 326 
1729 0.08 0.319 0.145 107.93 49 
1718 -0.05 -5.83 -2.65 -420 -191 
3930 -2 
3930 -22 

*3930 
1825 
J.825 
1825 
1825 

*1825 
3920 -0.09 -5.4 -2.45 -702.6 -319 
1816 0.41 3.41 1.55 337 153 
2608 -0.06 -0.749 -0.34 -94.7 -43 
0111 
4704 
2119 -2.2 
2119 16.3 

*2119 
0107 
3514 
1716 -0.23 -0.958 -0.435 -85.9 -39 -13 
1716 -0.23 -0.280 -0.13 26 12 -13 

*1716 -1.238 -0.565 -59.9 -27 

*total Of more than one waste stream for plant 



service. In-service 
to some extent, using 
regulated amounts. 

water washing at reduced loads has been practiced 
the hot, high-pH boiler water in carefully 

Limited data are available on the characteristics of oil ash handling 
waste water. Table A-V-8 lists 6 plants which use both coal and oil, 
but only one plant is listed using oil alone. No data are reported for 
vanadium in waste streams. In certain cases, however, when other means 
of collecting the vanadium are not available, the content of vanadium in 
waste water should be evaluated, because of its possibly toxic ef·fect on 
aquatic life. 

Coalpile Drainage 

For coal-fired generating plants, outside storage of coal at or near the 
site is necessary to assure continuous plant operation. Normally, a 
supply of 90 days is rraintained. These storage piles are typically 8 to 
12 meters (25-40 ft) high spread over an area of several square meters 
(or acres). Typically from 600 to 1,800 cubic meters (780 to 2340 cu 
yd) are required for coal storage for every MW of rated capacity. As 
such a 1000 MW plant would require from 600,000 to 1,800,000 cubic 
meters (78,000 to 2,340,000 cu yd) of storage. Depending on coal pile 
height, this represents between 60,000 to 300,000 square meters (15-75 
acres) of coal storage area. 

coal is stored either in active piles or storage piles. Active piles 
are open and contact of active coal with air and moisture results in 
oxidation of metal sulfides, present in the coal, to sulfuric acid. The 
precipitation trickles or seeps into coal piles. When rain falls on 
these piles, the acid is washed out and eventually winds up in coal pile 
runoff. Storage piles are sometimes sprayed with a tar to seal their 
outer surface. In such cases, the precipitation runs down the side of 
the pile. 

Based on typical rainfall rates, pile runoff may range from 64,000 to 
over 32,0000 cubic meters (17 to 85 million gallons) per year with 
average figures around 75,000 to 100,000 cubic meters (20 to 26 million 
gallons) per year. Table A-V-9 presents the amount of coal consumed per 
day, area and height of coal pile, average rainfall and runoff from 
various coal-fired generating plants across the country. 

Liquid drainage from coal storage piles presents a potential danger of 
stream contamination, if it is allowed to drain into waterways or to 
seep into useful aquifers. Ground seepage can be minimized by storing 
the coal on an imprevious base. Vinyl liners of various thicknesses 
have been used for that purpose. To prevent the sharp edges of coal 
particles from puncturing the liner, a 15 cm(6") bed of sand dr earth is 
placed on top of a liner before forming the coal pile. 
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TABLE A-V- 9 

COAL PILE DRAINAGE 
·-

PLANT COAL CONSUMED/DAY AREA OF PILE HEIGHT OF PILE AVERAGE ANNUAL RUN-OFF PER YEAR 
ID RAINFALL 

lbs x~6~ Acres M~ Ft. Meters Inches Meters Million M3 
x106 xl03 Gallons xin3 

4701 15 6.81 25 101.85 40 12.19 44 1.117 20 75. 7 

4706 31 14.07 58 236.29 25 7.62 - - - -
4702 15 6.81 75 305.55 17 5.18 54.7 1. 389 25 94.62 

4705 27.6 12.53 28 114.07 25 7.62 - - - -
4703 20.6 9.35 18 73.33 40 12.19 45.84 1.164 25 94.62 

2120 25.4 11. 53 61 248.5 22 6.7 - - - -
4704 14.34 6.51 21 85.55 25 7.62 43.l 1. 094 17 64.34 

2119 47.6 21. 6 25 101. 85 - - 44.4 1.1277 22 83.27 

0112 35.8 16.25 25 101. 85 40 12.19 - - 26.5 100.3 

5305 - - 120 488.8 - - 60 1. 524 - -



water pollution associated with coal pile runoff is due to the chemical 
pollutants and suspended solids usually transported in coal pile 
drainage. Drainage quality and quantity is variable, depending on the 
meteorological condition, area of pile and type of coal used •. ~ Areas of 
high average rainfall have much higher drainage than those of low 
average rainfall. Contact of coal with air and moisture results in 
oxidation of metal sulfides to sulfuric acid and precipitation of ferric 
compounds. High humidity areas have higher precipitation and produce 
larger runoffs. 

coal pile runoff, like coal mine drainage, can be classified into three 
distinct types according to chemical characteristics. The first type of 
drainage will usually have a pH of 6. 5 to 1. 5 or greater, very little or 
no acidity, and contain iron, usually in the ferrous state. Alkaline 
drainage may occur where no acid-~roducing ma.terial is associated with 
the mineral seam or where the acid is neutralized by alkaline material 
present in the coal. Some alkaline waters have high concentration of 
ferrous ion, and, upon oxidation and hydrolysis, precipitate large 
amounts of iron. 

A second type of drainage is highly acidic. This water contains large 
amount of iron, mostly in ferrous state, and aluminum. 137 

Coal pile runoff is commonly characterized as having a low pH (high 
acidity) and a high concentration of total dissolved solids including 
iron, magnesium and sulfate. Undesirable concentrations of aluminum, 
sodium, manganese and other metals may al,so be present. Contact of coal 
with air and moisture results in oxidation of the metal sulfides present 
in the coal to sulfuric acid. Pyrites are also oxidized by ferric ion 
to produce ferrous sulfate. When rain falls on these piles, the acid is 
washed out and eventually winds up in the coal pile drainage. At the 
low pH produced, other metals such as aluminum, copper, manganese, zinc, 
etc. are dissolved to further degrade the water. 

Although the exact reaction process is still not fully understood, the 
formation of acid coal ~ile drainage can be illustrated by the following 
equations. Initial reaction that occurs when iron sulfate and sulfuric 
acid 

2 FeS2+7 02 +2 H20 = 2 FeS04+2 H2S04 

Subsequent oxidation of ferrous sulfate produces ferric sul­
fate: 

4 FeS04+2 H2S04+02 = 2Fe2(S04)3+2 H20 

Depending on physical and chemical conditions, the reaction 
may then proceed to form ferric hydroxide or basic ferric 
sulfate: 
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Fe1(S04)3+6H20 = 2Fe(OH)3+3H2S04 
and/or 

Fe1 (S04) 3+2H20 = 2Fe (OH) (S04) +H2S04 

Pyrites can also be oxidized to ferric ions as shown below: 

Fes2+14 Fe+3=8H20 = 15 Fe+2+2S04-2+16H+ 

Regardless of the reaction mechanism, the 
pyrite ultimately leads to the release of two 
(acidity). 

oxidation of one mole of 
moles of sulfuric acid 

other constitutents found in coal pile drainage are produced by 
secondary reactions of sulfuric acid with minerals and organic compounds 
present in the coal. such secondary reactions are dependent upon type 
of coal and physico-chemical conditions of the pile. 

The pollution of streams by coal-pile runoff may be attributed to higher 
concentration of dissolved solids, mineral acid, iron, and sulfate 
present in the runoff. In addition, aluminum, copper, zinc and 
manganese may be present. The degree of harm caused by these elements 
is compowided by synergism amaig several of them; for example zinc with 
copper. The harmful effects of iron, copper and zinc solutions can be 
greater in the acid water _polluted by coal pile drainage than in neutral 
or alkaline water. Data reported from various plants are shown in Table 
A-V-10. An inspection of these data reveals an extremely large 
variation in the pollutant parameters listed. The concentration of 
runoff is dependent on the type of coal used, history of the pile and 
rate of flow. Plant nos. 1729, 3626, and 0107 using high sulfur coal 
are highly acidic (low pH), and have high sulfate and metallic 
concentrations. 

The acidity, · sulfate and metal concentrations of plant no. 3505 which 
uses very low sulfur coal are very small. The concentration of 
pollutants during heavy rainfall will be very small after an initial 
removal of precipitated material from coal, while during low flow 
conditions the retention time may be high enough to complete oxidation, 
resulting in higher runoff concentrations. 

Floor and Yard Drains 

The floor drains within a powerplant generally include dust, fly ash, 
coal dust (coal-fired plants) and floor scrubbing detergent. This waste 
stream also contains lubricating oil or other oils which are washed away 
during equipment cleaning, oil from leakage of pump seals, etc., and oil 
collected from spillage around storage tank area. 

No data regarding the flow·and composition of this was~e stream have 
been reported, however, oil, suspended solids, and phosphate from. floor 
scrubbing detergent may be present in the floor drains. The discharge 
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TABLE A-V:-10 

CHEMICAL WAST!i! CHARACTERlZATION 

COAL PILE DRAINAGE 

Di~charqe eogcentrationK 
L M N 0 p Q A ll c D E F G H 

Line 
Plant 

Alkalinity ___£QQ__ Ammonia ~ Phosphorus Turbidity Acidity H~d~ss ~ Chloride Aluminum Chromium Code _.!!.QP_ __ T_s __ ____1Q_§_ ~ 
mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 

1) 3402 6 0 1080 1330 720 610 0 0.3 505 130 525 3.6 0 
2) 3401 0 0 1080 1330 720 610 0 0.3 505 130 525 3.6 0 
3) 3936 0 10 806 9999 7743 22 1.77 1.9 1.2 1109 5231 481 0.37 
4) 1825 85 6000 5800 200 1.35 1.8 1850 861 o.os 
SJ 1726 82 1099 3549 247 3302 0.35 2.25 0.23 133 23 
6) 1729 6837 
7) 3626 28970 100 21700 19000 1200 15.7 
8) 0107 0 45000 44050 950 27810 21920 825 0.3 
9) 5305 21.36 8.37 8.68 

10) 5305 14.32 2. 77 10.25 
11) 5305 36.41 6.13 8.84 

Discharge Concentrations .... 
"' A ...., ll c D E F G 

Line t~t Co:e~r Iron Ma9,!!esium Zinc Sodium H 
mg/l mg/l mg/l mg/l mg/l pH 

1) 3402 1.6 0.168 1.6 1260 2.8 
2) 3401 1.6 0.168 1.6 1260 2.8 
3) 3936 89 2.43 160 3 
4) 1825 0.06 174 0.006 4.4 
5) 1726 0.08 7.8 
6) 1729 0.368 2. 7 
7) 3626 1.8 4700 12.5 2.1 
8) 0107 3.4 93000 23 2.8 
9) 5305 1.0 6.7 

10) 5305 1.05 6.6 
11) 5305 0.9 6.6 



stream will be acidic if any wash water from air preheater or fireside 
of the boiler winds up in floor drains. 

Air Pollution Control 

A number of processes have been proposed for removing particulate and 
so~ emissions from stack gases •s. Some of these processes have been 
suggested for potential application in fossil-fuel powerplants 1•1,220. 
In general the soi removal processes can be categorized as follows: 123 

(1) Alkali scrubbing using calcium.carbonate or lime 
with no reccvery of soi. 

(2) Alkali scrubbing with recov~ry of SO£ to produce 
elemental sulfur or sulfuric acid. 

(3) Catalytic oxidation of S01 in hot flue gases to 
sulfur trioxide for sulfuric acid formation. 

(4) Dry-bed absorption of soi from hot flue gases 
with regeneration and recovery of elemental sul­
fur. 

(5) Dry injectiO'l of limestone into the boiler furnace 
for removal of 501 by gas~solid reaction. 

The removal of particulate from stack gases can also be carried out 
separately using an electrostatic precipitator or a dry mechanical 
collector, "Wet" scrutbing for S01 removal can be applied subsequently. 

The waste water problems are mainly concerned with "wet" processes 
(first three types mentioned above). wastewater problems associated 
with particulate (fly-ash) removal devices are described in an earlier 
portion of this section of the report. 

At present the "wet" processes - alkali scrubbing with and without 501 
recovery, oxidation of S02 for sulfuric acid production - are mainly in 
pilot plant or prototype stage of development. Of the three processes, 
sufficient data is available only for the alkali scrubbing process 
without soi recovery, and consequently only this process is described 
briefly in the following paragraph. 

Flue gas from electrostatic precipitators (optional equipment) is cooled 
and saturated by water spray. It then passes through a contacting 
(scrubbing) device where S01 is removed by an aqueous stream of lime 
absorbent. The clean gas is then reheated (optional step) and vented to 
the atmosphere through an induced draft fan if necessary. The lime 
absorbent necessary for scrubbing is produced by slaking and diluting 
quicklime in commercial equipment and passing it to the delay tank for 
recycle as a slurry through the absorber column(s). Use of· the delay 
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tank provides sufficient residence time for th~ reaction of dissolved 
S02 and alkali to produce calcium sulfite and sulfate. The waste 
sulfite/sulfate is them pumped as a slurry to a lined settling pond or 
mechanical system where sulfite is oxidized to sulfate. The clear 
supernatent liquid is returned to the process for reuse. The waste 
sludge containing fly ash (if electrosta~ic precipitator is not 
employed) and calcium sulfate is sent for disposal (as a landfill). 

The process described above suffers from potential scaling problems. 
The calcium salts tend to form a deposit, causing equipment shutdown and 
requiring frequent maintenance. 

The process is a closed loop type and consequently there is a no net 
liquid discharge from the process. The disposal of sludge has been 
covered in the literature 161. However, depending upon the solids 
separation efficiency in a pond or mechanical equipment; there may be 
excess free water .asscciated with the sludge. To dewater this sludge, 
mechanical filtration equipment may be necessary. 

To date eleven utilities have committed themselves to fullscale 
installation of the alkali scrubbing process without so~ recovery 21a. 

During the course of the present study, visits were made to two plants 
for observing the scrubbing devices. However, in plant no. 1720, the 
scrubber was not running because of operational problems. The process 
for the other plant (no. 4216) is described in this section. 

Plant no. 4216 of 79 MW capacity burns 0.7% sulfur coal. The boiler 
gases are split into two streams - approximately 75% going to a scrubber 
and the remaining 251 going to an electrostatic precipitator. The 
exhaust gases from the two are then recombined and vented to atmosphere 
at 210°F. This splitting of the boiler gases is done to reheat 'the 
scrubber exhaust gases which are at 124°F(saturated). This stack gas 
reheating is achieved to minimize scaling problems from moist gases. 
The scrubber is not specifically used for so~ removal. Rather, the 
primary function is to remove particulates. On the other hand, some S01 
pick-up is achieved. This is evident from Figure A-V-8 where the net 
output from the process (thickener underflow) is richer in sulfate than 
the process input (river water). The flow diagram and the different 
stream compositions are shown in Figure No. A-V-10. 

Miscellaneous Waste Steams 

The operations and the waste streams described earlier are centered 
around meeting the steam generating boiler requirements. Besides these 
chemical waste streams, there are also miscellaneous waste streams 
originating in a steam electric plant. These waste streams are 
described in the remainder of this section. 
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Sanitary Wastes 

The amount of sanitary waste depends upon the number of employees. This 
in turn is dependent upon the type of plant--coal, oil, or gas, its size 
and its age. A powerplant employs administrative personnel and plant 
personnel (plant crews and maintenance personnel). Coal-fired plants 
require more operational personnel then others. For a coal- fired 
plant, the breakdown in·types of employees is typically as follows: 

operational personnel: 
maintenance personnel: 
administrative personnel: 

1 per 20-40 Mw 
1 per 10-15 Mw 
1 per 15-25 Mw 

A typical three boiler 1,000 MW coal-fired plant may employ 150-300 
people. Whereas, in a oil plant of similar size, the total number of 
employees may be in the range of 80-150. 

The typical parameters which define the pollutional characteristics of 
sanitary wastes are BOD-5 and suspended solids. The following table 
lists per capita design estimates for the waste stream: 

IlQ~ 12QQ-5 TI?~ 

Office/Admin. 0.095m3/day 30 g 70 g 
(2 5 gpd) (0.07 lb) (0. 15 lb) 

Plant 0.133 m3/day 40 g 85 g 
(35 gpd} (0. 09 lb) (0. 19 lb) 

Knowing the number of personnel in the office/administrative and plant 
categories, the characteristics of the raw sewage waste stream can be 
estimated. Typically, for an oil-fired plant generating 1,000 MW the 
personnel required wight be 20 office and administrative, and 85 plant 
personnel. The raw sewage characteristics for this plant can be 
estimated on the basis presented above as follows: 

Il!Q~ BOD-5 I§§ 

Office/ Admi n. 1.890 m3/day 635 g 1360 g 
(500 gpd) (1. 40 lb) (3. 00 lb) 

Plant 1. 125 m3/day 34SO g 7330 g 
Q.215 qpd) j].65 lb) ill· 15 lbl 

Total 3.015 m3/day 4115 g 8690 g 
(3475 gpd) (9.05 lb) (19.15 lb) 

The sanitary waste from steam electric powerplants is generally similar 
to municipal sanitary wastes with the exception that powerplant wastes 
do not normally contain laundry or kitchen wastes. Moreover, the per 
capita hydraulic loading for powerplant personnel is relatively small 
(25 to 35 gallons) in comparision to domestic usage (100 to 150 
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gallons) • Normally the local health agencies dictate 
treating sanitary wastes. In metropolitan areas, the 
discharged to a municipal treatment plant. ~n rural 
treatment plants for sanitary wastes may be employed. 

Plant Laboratory & Sampling Streams 

requirements for 
raw sewage may be 
areas, packaged 

Laboratory facilities are maintained in many steam electric powerplants 
to carry out chemical analysis for checking different operations such as 
ion exchange, water treatment, boiler tube cleaning requirements, etc. 
The size of the labcratory depends upon the size, type, and age of the 
plant. Modern high pressure steam plants require closer control on the 
operations and consequently increased laboratory activity. In nuclear 
plants the use of a laboratory is extensive. 

The waste from laboratories vary in quantity and constituents, depending 
upon the use of the facilities and the type of powerplant. 

Intake screen Wash 

Powerplants require water for various o~erations. Plants using once­
through type condenser cooling systems draw the cooling water from a 
waterbody such as an ocean, a lake, a river, etc. On the other hand, 
plants using a recirculating condenser cooling system need less water 
intake than the once-through types. Depending upon the water require­
ments and the source of intake water, traveling screens are used to 
prevent river debris, fish, leaves, etc from entering the intake system. 
The accumulated debris is collected and the screens hosed down to 
prevent plugging. 

Service Water system 

service water systems supply water which is used for such house services 
as bearing and gland cooling for pumps and fans, auxiliary cooling and 
heat exchangers, hydrogen cooler and fire pumps. In many cases toilet 
and potable water is included in this category. 

Basically, there are two types of service water systems. Once-through 
service water systems are most common. In these types raw water with no 
treatment chemical is added. These types of systems are operated in 
parallel to the condenser cooling water system. Raw water is used and 
no continuous treatment is practiced. occasional shock chlorination is 
given to similar levels as with condenser cooling water. Chlorination 
treatment is, however, much less frequent. Many nuclear plants 
integrate the emergency core cooling system with a once•through service 
water system. once-through service water systems can be used 
exclusively or in conjunction with closed-loop recirculatory systems. 
With recirculatory sy.stems the makeup can be supplied from either raw or 
city water. This makeup is pretre~ted to a high degree of purity. This 
closed loop recirculatory water is treated to a high degree to prevent 
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corrosion within the system. In general, chromates are used in 
conjunction with caustic soda for control of pH at 9.5 to 10 up to 
levels of 250 ppm. Borate-nitrate corrosion inhibition treatment is 
also used to levels of between 500 to 2,000 ppm. Generally, there is 
little or no loss .from these closed-loop systems. The only occasions 
when water loss can occur are during maintenance or occasionally if the 
system has to be drained for cleaning, which although infrequent can 
occur at a three year frequency.21 

service water requirements cover a wide range. For once-through systems 
water flows range from o.s to 35 gpm per MW of rated plant capacity. 
Typically, the flow is 10 to 11 gpm per MW of rated capacity. Where 
closed-loop systems are operated a figure of 22 to 23 gpm per MW of 
rated capacity is typical. On this basis, closed-loop blowdown can 
typically be 5 gallons fer day with a settleable solids content of 1 to 
2 ppm.21 Service water requirements of plant no. 4251, a nuclear unit of 
851 MW using 480,000 gpm of main condenser cooling water, are as 
follows: 

Primary plant comfonent cooling water 
Secondary plant ccmponent cooling water 
Centrifugal water chiller 
Control room air conditioner 

Construction Activity 

5,800 gpm 
16,000 gpm 
3,000 gpm 

210 gpm 

There are liquid wastes associated with on-site construction activities. 
such wastes will depend upon the type and size of construction and the 
location. 

Generally, waste water resulting from construction activity will consist 
of storm water runoff from the site during the course of construction. 
This stream can be characterized by suspended solids and turbidity 
resulting from the erosion of soil disturbed by the construction 
activity. 

Low Level Rad wastes 

The radioactive waste handling system is beyond the scope of this study. 
some of the low level rad wastes from a nuclear powerplant contain boron 
and therefore can also be considered as chemical wastes. consequently, 
a brief description of the waste handling systems in a nuclear power­
plant is included. The sources of radioactive wastes are the reactor 
coolant and spent fuel coolant and the various systems with which these 
coolants come into contact. In general, the radioactive fluids are 
treated by filtration, ion exchange, and distillation. The fluids are 
then either recycled for use in the plant or diluted with condenser 
cooling water for discharge to the environment. · 
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Most commercial nuclear powerplants in the country are either 
pressurized water reactors (PWRs) or boiling water reactors (BWRs). In 
a pressurized water reactor, the primary coolant is maintained at a 
pressure (2,200 psi) sufficient to keep it from boiling. After the 
primary coolant is heated in the reactor, it flows through the tube side 
of large heat exchangers generating steam on the shellside. This steam 
is used to drive the turbine and is then condensed and returned to the 
steam generator thrcugh a series of preheaters. Thus, in a PWR, the 
primary coolant is isclated from the steam-condensate system. However, 
some leakage through defects in steam-generator tubes may occur 
resulting in contamination of the steam-condensate system. There are 
several other fluid systems which may be contaminated. In a PWR, boron 
is used in the primary coolant to help control reactivity. As the fuel 
burn-up progresses, the boron concentration is lowered by feed and bleed 
of reactor coolant. 

TWO systems are associated with this process. The first system, which 
is sometimes called the chemical and volume control system (eves), is on 
stream at all times and is used to control the radioactivity chemistry 
and volume of reactor coolant. Reactor coolant is continously bled from 
the primary system into the eves where it usually passes through filters 
and ion exchangers. The coolant can then be returned to the reactor or 
diverted to the second system to allow addition of water with a 
different heron concentration to the reactor through the eves. The 
second system can be labeled the boron management system (BMS). It 
processes the reactor coolant letdown after it has passed through the 
eves ion exchangers. Processing in the BMS usually includes gas 
stripping to remove hydrogen and the radioactive noble gases, ion 
exchange, and distillation. The distillate may be recycled for· use as 
reactor coolant or diluted with condenser cooling water for discharge to 
the environment. The concentrated bottoms from the distillation process 
are either recycled as boric acid for use in the reactor coolant or 
mixed with cement and placed in drums or larger containers for shipment 
to a solid radioactive waste burial site. 

Provisions are made so that after reactor shutdown it is possible to 
cycle reactor coolant through ion exchangers prior to flooding the 
reactor area and fuel transfer canal with water from the refueling water 
tank. However, there is still some residual activity in both the 
refueling water tank and the fuel storage pools. Thus, it is possible 
that refueling water, spent fuel coolant, new fuel pool water and 
secondary coolant are contaminated as well as reactor coolant and let­
down. Also, the fluids used to transfer or regenerate resins in any of 
the systems mentioned above may be contaminated. Therefore, all leaks 
and resin-handling and regeneration fluids from these systems are 
collected and processed in a radioactive waste management system (WMS) • 
This WMS also uses filtration, ion exchange, or distillation or a 
combination of the three to produce very low activity water suitable in 
most cases for discharge to·the environment. Because the WMS processes 
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a wide variety of liquids, some of which may be contaminated with oil or 
other undesirable substances, the WMS effluent is. generally not 
recycled. Figure A-V-11 shows a block diagram of the liquid radioactive 
waste management system for a PWR. 

In BWRs, the reactor coolant is itself boiled and thus flows through the 
steam condensate system. The condensate is usually heated and returned 
to the reactor. The solutions produced in handling or regenerating the 
ion exchange resins constitute the major radioactive liquid waste in a 
BWR. In addition to the equipment for "polishing condensate" a system 
is provided for filtering and demineralizing the reactor coolant. This 
system, called the reactor water cleanup system (RWCS), takes coolant 
from the reactor vessel, cools it, filters and demineralizes it and 
returns it to the reactor coolant system, thus controlling nonvolatile 
corrosion products and impurities in the reactor water. Because no 
boric acid is used in the reactor water under normal circumstances there 
is no feed and bleed operation for boron concentration control and 
consequently no boron management system. 

As in the PWR. the water for refueling also becomes contaminated and any 
leakage of refueling water as well as any leakage and resin regenerating 
or transporting fluids and ·filter backwash (from any of the contaminated 
systems discussed above) is collected and treated. Treatment of wastes 
in a BWR also includes filtration, ion exchange, and distillation. The 
exact design of the systems vary from plant to plant; however, from the 
liquid radioactive waste point of view, BWRs may be placed in. two 
categories: (1) those which use disposable ground resin in filter de­
mineralizers for condensate polishing, and· (2) those which use resin 
regenerable in deep bed demineralizers. In general, it appears that the 
former system is favored except where saline cooling water is used. 

The use of regenerable resin means that large volumes of regenerant 
solutions have to be processed every day. The processing usually 
involves the use of large evaporators with total through-put capacity on 
the order of 0.0025 M3/s (40gpm) or more for some plants. The 
distillate from these evaporators is generally sent to high-purity waste 
system for further treatment by ion exchange. About 90% of the effluent 
of this high-purity waste system is recycled for use in the reactor and 
10% discharged. 

In those plants which use ground resin units for condensate polishing, 
no regeneration takes place since water is used only to transport the 
powder. Thus, considerably less fluid has to be treated and, since the 
radionuclides are not dissolved into the water, only mechanical separa­
tion such as settling, filtration and centrifugj,ng is used for initial 
treatment of the water. Again the water is sent to a high-purity waste 
system where it is treated by ion exchange and the bulk of the water is 
recycled for use in the reactor with the remainder discharged into the 
cooling water. 
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BWRs usually use ground resin filter demineralizers in the RWCS and the 
liquid f ran transporting ground resin in the RWCS is treated in the same 
way as that used for ground resin condensate polishers. 

Other liquid wastes from BWRs are treated by ion exchange, evaporation, 
and filtration. Other sources of wastes are floor drains and laundry 
drains (including personnel decontamination and cask cleaning), 
Distillates from eva~oration of these waste are generally discharged to 
the environment. Concentrated bottoms from evaporators and solids from 
dewatering equipment are drummed for off-site shipment. Figure A-V-12 
shows a block diagram of the liquid radioactive waste handling systems 
of a BWR of l,lOOMW capacity. 

It is difficult to establish the exact amount of liquid which will be 
released by the radioactive waste handling systems of a power reactor. 
The number and type of shutdowns and load changes the amount of leakage 
from various systems, and the degree of recycle of processed waste all 
affect the quantities of liquid discharged. However, in the process of 
obtaining licenses for construction and operation of a nuclear 
powerplant, estimates are made of these releases based on expected 
operating conditions. A review of several Environmental Impact 
Statements for PWRs and BwRs indicates a range of effluent quantities 
which are expected to be discharged. 

PWR wastes processed in the BMS are usually of high enough quality to be 
recycled. In general, the distillate from BMSs contains concentrations 
much lower than 1 mg/l of ·all chemicals other than boric acid which is 
present at a maximum concentration of 60 mg/l·. The anticipated 
quantities of BMS discharge for a sampling of PWRs ranges from 0 to over 
5,000,000 gallons per year. The quantity of distillate discharged from 
the BMS depends on the operating mode of the plant (i.e. base loaded or 
load following), number of shutdowns and the degree of distillate 
recycling. 

Distillate from the WMS can generally te expected to have the same 
chemical purity as that from the BMS although it may occasiona~ly 
contain a few mg/l of sulfates and chlorides resulting from processing 
condensate polisher regenerants during primary to secondary leaks. 

some of the fluids rcuted to the WMS are not necessarily treated by the 
radwaste evaporator. These wastes are expected to be of such low 
activity that they will be filtered, monitored, and then treated as 
conventional wastes. The quantity of liquid d1scharged from the WMS of 
a PWR can vary widely. For example, during a primary to secondary leak, 
pl~nt condensate polishers may process the polisher regenerants through 
the WMS. While this means that millions of gallons of distillate may be 
discharged from the WMS, it doesn't add to overall plant waste 
discharged since the regenerants would have to be processed and 
discharged at nearly the same rate by chemical treatment system in the 
event there were no primary to secondary leak. 
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As discussed above, the nature and quantity of liquid discharged by the 
radioactive waste systems of a BWR differ greatly between units which 
use ground resin condensate polishing and those which use conventional 
ion exchangers. Even within a given type of plant there is a large 
variation in techniques for handling the various wastes and the 
anticipated discharge quantities vary considerably. For example one 
plant using ground resin condensate polishers is expected to discharge 
approximately 1. 5 million gallons per year while another also using 
similar polishers may discharge five times that amount. 

Because of the treatment requirements for removing radioisotopes from 
waste streams, it. is expected that most discharges from radioactive 
waste systems in BwRs will contain extremely low concentrations of 
chemical pollutants. 

Summary of Chemical Usage 

Table A-V-11 lists chemicals used in steam electric 
corresponding to varicus classes of uses. 

Classification of waste Waters sources 

powerplants 

Waste water sources can be classified as high-volume, intermediate­
volume, low-volume, or rainfall run-off. Table A-V-12 lists the 
individual waste water sources according to the above classification. 
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~ 

Coagulant in clarification 
water treatment 

Regeneration of ion ex­
change water treatment 

Lime soda softening 
water treatment 

Corrosion inhibition or scale 
prevention in boilers 

pH control in boilers 

Sludge conditioning 

Oxygen scavengers in boilers 

Boiler cleaning 

Regenerants of ion exchange 
for condensate treatment 

Table A-V-11 

CHEMICALS USED IN STEAM ELECTRIC ~'OilERPIANTS 
Major source is Reference 21. 

Chemical 

Aluminum sulfate 
Sodium aluminate 
Ferrous sulfate 
Ferric chloride 
Calcium carbonate 
Sulfuric acid 
Caustic soda 
Hydrochloric acid 
Common salt 
Soda ash 
Ammonium hydroxide 
Soda ash 
Lime 
Activated magnesia 
Ferric coagulate 
Dolomitic lime 
Disodium phosphate 
Trisodium phosphate 
Sodium nitrate 
Ammonia 
Cyclohexylamine 
Tannins 
Lignins 
Chelates such as EDTA,NTA 
Hydrazine 
Morphaline 
Hydrochloric acid 
Citric acid 
Formic acid 
Hydroxyacetic acid 
Potassium bromate 
Phosphates 
Thiourea 
Hydrazine 
Ammonium hydroxide 
Sodium hydroxide 
Sodium carbonate 
Nitrates 

Caustic soda 
Sulfuric acid 
Ammon ex 

~ 
Corrosion inhibition or scale 

prevention in cooling towers 

Biocides in cooling towers 

pH control in cooling towers 

Dispersing agents in 
cooling towers 

Biocides in condenser cooling 
water systems 

Additives to house servi~e 
water systems 

Additives to primary coolant 
in nuclear units 

Numerous uses 

Chemical 

Organic phosphates 
Sodii.im phosphate 
Chromates 
Zinc salts 
Synthetic organics 
Chlorine 
Hydrochlorous acid 
Sodium hypochlorite 
Calcium hypochlorite 
Organic chromates 
Organic zinc compounds 
Chlorophenates 
Thiocyanates 
Organic sulfurs 
Sulfuric acid 
Hydrochloric acid 
Lignins 
Tannins 
Polyacrylonitrile 
Polyacrylamide 
Polyacrylic acids 
Polyacrylic acid salts 
Chlorine 
Hypochlorites 
Chlorine 
Chromates 
Caustic soda 
Borates 
Nitrates 
Boric acid 
Lithium hydroxide 
Hydrazine 
Numerous.proprietary 

chemicals 



Table A-V-12 

CIASS OF VARIOUS WASTE WATER SOURCES 

Class 

High Volume 

Intermediate Volume 

Low Volume 

Rainfall Runoff 

Source 

Nonrecirculating main condenser 
cooling water 

Nonrecirculating house service water 
Slowdown from recirculating main 

cooling water system 
Nonrecirculating ash sluicing systems 
Nonrecirculating wet-scrubber air 

pollution control systems 

Clarifier water treatment 
Softening water treatment 
Evaporator water treatment 
Ion exchange water treatment 
Reverse osmosis water treatment 
Condensate treatment 
Boiler blowdown 
Boiler tube cleaning 
Boiler fireside cleaning 
Air preheater cleaning 
Stack cleaning 
Miscellaneous equipment cleaning 
Recirculating ash sluicing systems 
Recirculating wet-scrubber air 

pollution control systems 
Intake screen backwash 
Laboratory and sampling streams 
Cooling tower basin.cleaning 
Rad wastes 
Sanitary system 
Recirculating house service water 
Floor drainage 
Miscellaneous streams 

Coal pile drainage 
Yard and roof drainage 
Construction activities 
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PART A 

CHEMICAL WASTES 

SECTION VI 

SEI.ECTION OF POLLUTANT PARAMETERS 

Definition .Qt Pollutant§ 

section 502 (6) defines the term "pollutant" to mean dredged spoil, solid 
waste, incineratior residue, sewage, garbage, radioactive materials, 
heat, wrecked or discarded equipment, rock, sand, cellar dirt and 
industrial, municipal and agricultural waste discharged into water. 
This report addresses all pollutants discharged from steam electric 
powerplants with the exception of both high-level and low-level 
radioactive wastes of nuclear powerplants. The exclusion is made for 
two reasons: (1) administratively, the permiting or licensing authority 
for nuclear plants, from the standpoint of radiation safety resides with 
the u. s.. Atomic Energy Commission; and (2) it is not known that the 
application of conventional waste water treatment technology for the 
control of nqn-radiation aspects of radioactive waste will not result in 
the creation of a radiation hazard (e.g. due to the concentration of the 
suspended solids removed). 

Introduction 

section A-V describes various operations in a steam electric powerplant 
which give rise to chemical wastes. Reported data were included for 
each waste stream wherever available. The waste streams are specific to 
each powerplant and depend upon factors such as raw water quality, type 
and size of plant, age of plant, ambient conditions and operator 
preferences. Table A-VI-1 summarizes the pollutants present in the 
various chemical waste streams based on data recorded in Section A-V, 
Waste Characterizaticn, and knowledge of the respective processes. The 
data in many cases show a wide variation from plant to plant. This wide 
variation in data and the presence of many pollutants in a single waste 
stream makes the selection of characteristic pollutants a difficult 
task. Table A-VI-2 summarizes the number of plants for which data was 
recorded in section A-V for each waste stream. 

common Pollutant!! 

Since pawerplant waste effluents are primarily due to 
chemicals, the common pollutants reflect the general level of 
chemical concentration. 
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PARAMETER 

ALKALINITY 

BOD 
COD 
TS 
TDS 
TSS 

AMMONIA 
NITRATE 
PHOSPHOROUS 

TURBIDITY 
FECAL COLIFORM 
ACIDITY 

HARDNESS, TOTAL 
SULFATE 

SULFITE 
BROMIDE 

CHLORIDE 
FLUORIDE 

ALUMINUM 
BORON 

CHROMIUM 
COPPER 
IRON 

LEAD 
MAGNESIUM 

MERCURY 
NICKEL 

SEIENIUM 
VANADIUM 

ZINC 
OIL & GREASE 
PHENOLS 

SURFACTANTS 
ALGICIDES 
CHLORINE 
MANGANESE 

TABLE A-VI-1 

APPLICABILITY OF PARAMETERS TO CHE:MICAL WASTE STREAMS 

Water Chemical 
Condenser Treatment Cleaning 
Cooling 
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NOTE: Miscellaneous streams such as laboratory sampling, stack chemical cleanings, etc. 
are not included since the species are accounted for in other streams. 
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PARAMETER 

ALKALINITY 
BOD 
COD 
TS 
TDS 
TSS 
AMMONIA 
NITRATE 
PHOSPHOROUS 
TURBIDITY 
FECAL COLIFORM 
ACIDITY 
HARDNESS, TOTAL 
SULFATE 
SULFITE 
BROMIDE 
CHLORIDE 
FIDORIDE 
AIDMINUM 
BORON 
CHROMIUM 
COPPER 
IRON 
LEAD 

MAGNESIUM 
MERCURY 
NICKEL 
SELENIUM 
VANADIUM 
ZINC 
OIL & GREASE 
PHENOLS 
SURFACTANTS 
AIGICIDES 
CHLORINE 
~NGAN~SE 

CondenseJ 
Cooling 
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TABLE A-VI-2 
CHEMICAL WASTES-

NUMBER OF PLANTS WITH RECORDED DATA 

water Chemical 
Tri atr ent Cleaning 
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5 12 7 17 6 7 2 - 5 3 - - -
6 16 8 17 6 7 2 28 6 3 - - -
6 18 9 18 6 6 2 26 7 3 1 - -
6 16 8 17 6 7 2 26 7 3 1 - -
5 15 7 15 6 7 2 21 5 3 - - -
6 17 7 14 5 7 2 21 5 3 1 - -
6 20 9 19 17 7 2 18 2 3 1 - -
6 7 5 10 6 7 2 12 3 3 - - -- - - - - - - - - - - - -
- - - - - - - - 3 - - -. -
6 15 7 11 4 7 2 19 4 - 1 - -
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pH Value 

pH value indicates the general alkaline or acidic nature of a waste 
stream, and represents perhaps the most significant single criteria for 
the assessment of its pollutional potential. While a pH in the neutral 
range between 6.0 and 9.0 does not by itself assure 'that the waste 
stream does not contain detrimental pollutants, a pH outside of this 
range is an immediate indication of the presence of potential 
pollutants. 

Total Dissol~ed Solids 

Total dissolved solids represents the residue (exclusive of total 
suspended solids after evaporation and includes soluple salts such as 
sulfates, nitrates, ct.lcrides, and bromides. Total dissolved solids are 
particularly significant as a pollutant in discharges from closed 
systems which involve recirculation and re-use. These systems tend to 
concentrate dissolved solids as a result of evaporation and requite 
blowdown to maintain dissolved solids within ranges established by 
process requirements. The blowdown may contain specific pollutants in 
detrimental amounts depending on the number of cycles of concentration. 

Total suspended Solids 

Total suspended solids is another pollutant which is a characteristic of 
all the waste streams. suspended solids are significant· as an indicator 
of the effectiveness of solids separation. devices such as mechanical 
clarifiers, ash ponds, etc. One of the functions of water use in a 
powerplant is to convey solids from one stage of the process to another 
or to a point of fin al disposal. Some processes used in a powerplant 
create suspended solids by chemically treating compounds in solution so 
that they become insoluble and precipitate. Turbidity is related to 
suspended solids but is a function of particle size and not an 
independent pollutant. 

Having established the three common pollutants, the characteristic 
pollutants of individual waste streams are outlined below. 

Biochemical oxygen Demand (BOD - 5 day) 

BOD is a significant pollutuant only for sanitary waste water 
originating from the use of sanitary facilities by plant personnel. 

Chemical oxygen Demand (COD) 

COD is a pollutant usually attributed to the organic fraction of 
industrial waste waters. Since steam electric powerplants do not have a 
significant volume of organic wastes, COD is generally not a significant 
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pollutant in powerplant effluents, but may be used as gross indicator 
for certain combined wastes. 

oil and Grease 

oil and grease enter into the plant drainage system primarily as a 
result of spillage and subsequent washdown during housekeeping 
operations or following natural precipitation. Oil and grease are also 
removed from equipment during preoperational cleaning. Oil and grease 
is normally present in the following waste streams: 

Chemical cleaning - boiler tubes; 

Ash handling 
wastes 

Drainage and misc. 

- boiler fireside; 
- air pre heater; 
- miscellaneous small equipment; 

- oil fired pLants; 
- coal fired plants; 
- floor and yard drains; 

waste streams - closed cooling water systems; and 
- construction activity. 

Ammonia 

Ammonia is a significant pollutant in ~lants that use ammonia compounds 
in their operations. Ammonia may be used to control the pH in the 
boiler feed.water. It may also be used for ion exchange regeneration in 
condensate polishing and in boiler cleaning. An ammonia derivative, 
hydrazine, is used as an oxygen scavenger, but is used only in small 
quantities. Because of its instability, it is not likely to be a 
component of a waste stream. Ammonia will therefore be a component of 
those waste streams which emanate from the operations during which 
ammonia is added to the system, such as ion exchange wastes, boiler 
blowdown, boiler tube cleaning and closed cooling water systems. 

Total Phosphorus 

.Phosphates are used by some powerplants in recirculating systems to 
prevent scaling on heat transfer surfaces. To the extent that they are 
used, they will be a component of any blowdown from such systems. These 
include primarily boiler and PWR steam generator blowdown and blowdown 
from closed cooling water systems but could also include a number of 
minor auxiliary systems. In some cases, phosphorus compounds are also 
used in boiler cleaning operations and would therefore be a possible 
component of cleaning wastes. 
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Chlorine - Free Available 

Many condenser cooling water systems use chlorine or hypochlorites to 
control biological growth on the inside surface of condenser tubes. The 
biological growth, if left uncontrolled, causes excessive tube 
blockages, poor heat transfer, and accelerated system corrosion--all of 
which reduce plant efficiency. For any cooling tower system the length 
of time of the chlorine feed period and the number of chlorine feed 
periods per day, week, or month change as the biological growth 
situation changes. In most cooling systems, the chlorine is added at or 
near the condenser inlet in sufficient quantity to produce a free 
available chlorine level of 0.1-0.6 mg/l in the water leaving the 
condenser. The amounts of chlorine added to maintain the free available 
chlorine depend upon the amount of chlorine demand agents and ammonia in 
the water. 

Chlorine and ammonia react to form chloramines. Chloramines contribute 
to the combined residual chlorine of the water. The combined residual 
chlorine is less efficient and slower in providing biological control 
than is the free available chlorine. Total residual chlorine is the sum 
of the free available chlorine arid the combined residual chlorine. 

Although chlorination is effective for slime control in condenser tubes 
of cooling system, its application may result in the discharge of total 
residual chlorine to the receiving water~ The effects of total residual 
chlorine on aquatic life are of great concern. 

Metals 

Various metals may be contained in some of the waste streams as a result 
of corrosion and erosion of metal surf aces and as soluble components of 
the residues of combustion where such residues have been handled 
hydr aul ical ly. 

Blowdown from boiler feedwater systems and from closed cooling water 
systems will contain trace amounts of the metals making up the heat 
exchanger surfaces with which they have been in contact~ Treatment of 
these waters generally minimizes the amount of corrosion. However, 
cleaning operations of these systems are designed specifically to 
restore the heat transfer surfaces to bare metal. In this process 
significant. amounts of metal and metal oxide are dissolved and are 
conveyed with the waste streams. The two most common metals likely to 
be present in cleaning wastes are iron and copp~r. 

Metals present in wastes from fuel storage and from ash handling 
ope.rations will depend on the metals present in the fuel. 
Generalization is difficult because of the wide variation in fuel 
composition, but iron and aluminum are typically present in significant 
quantities in ash from coal. Mercury may be present if the coal used 
contained mercury. Vanadium is present in sufficient quantities in ash 
resulting from the burning of some types of residual fuel oil, notably 
of Venezuelan origin. 
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If chromates and/or zinc compounds are used for the treatment of closed 
cooling water syst€I1ls, chromium and/or zinc will be significant 
pollutants for any blc.wdcwn or leakage from these systems. 

These metals are likely to occur in the following waste streams: 

1. Iron 

water treatment 
maintenance cleaning 

- clarification; 
- boiler tubes; 
- boiler fireside; 
- air preheater; 

ash handling - coal fired plants; 
and coal pile drainage. 

2. copper 

boiler and steam generator (PWR) blowdown; 
chemical cleaning - boiler tubes; 

- air preheater; 
- bciler fireside 

condenser cooling 
water systems - once through; and recirculating 

3. Mercury 

ash handling - coal fired plants; and coal 
pile drainage. 

4. vanadium (oil-fired plants only) 

ash handling; 
9h~mical cleaning - boiler fireside; and 

air preheater. 

5. Chromium and Zinc 

recirculating condenser cooling. system; and 
closed cooling water system. 

6. Aluminum and Zinc 

coal pile drainage; 
ash handling - coal fired plants; 
water treatment - clarification; 
chemical cleaning - boiler fireside; and 

- air preheater. 
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Phenols 

Polychlorinated biphenyls (PCB's) are sometimes used as coolants in 
large transformers. In case of leaks or spills, these materials could 
find their way into the yard drainage system. Materials showing u~ as 
phenols are also possible in drainage from coal piles, floor and yard 
drainage, ash handling streams, and cooling tower blowdown. 

Sulfate 

Sulfates in powerplant effluents arise primarily from the regenerant 
wastes of ion exchange rrocesses. Sulfate may occur in ion exchange and 
evaporator wastes, toiler fireside and air preheater cleaning, ash 
handling and coal pile drainage. 

SUlf ite 

Sulfite is used as an oxygen scavenger in the boiler feedwater system in 
some plants. Plants using sulfite may discharge the sulfite with their 
boiler blowdown. Because of its high oxygen demand, sulfite in 
significant quantities is considered undesirable in a plant discharge. 

Sulfite may occur in the following waste streams: 

Boron 

maintenance cleaning - boiler fireside; 
- air preheater; 
- stack; 
- cooling tower basin; 

ash handling - oil fired plants; 
-coal fired plants; 

coal pile drainage; and 
air pollution control 
devices for SOl removal. 

Oxidizing agents such as potassium or sodium borate may be conta1ned in 
cleaning mixtures used for copper removal in the chemical cleaning of 
boiler and steam generator (PWR) tubes. 

Fluoride 

Hydrofluoric acid or fluoride salts are added for silica removal in the 
chemical cleaning of toiler and steam generator (PWR) tubes. 

Alkalinity and Acidity 

Both alkalinity and acidity are parameters which are closely related to 
the pH of a waste stream. 
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Total solids 

Total solids is the sum of the total suspended solids and the total 
dissolved solids. 

Fecal coliform 

Fecal coliform is only significant in sanitary waste. 

Total Hardness 

is a constitutent of natural waters, and as such is not 
considered as a pollutant in effluents from industrial 
Also, hardness is not harmful in the concentrations recorded 

A-V. 

Hardness 
qenerally 
processes. 
in section 

chloride and Magnesiurr 

Both chloride and magnesium are not practicably treatable at the levels 
recorded, and also are not harmful at the levels present in the various 
waste streams. 

Bromide 

Bromide may result fram boiler cleaning 
considered harmful at the levels present. 
practicably treatable at these levels. 

Nitrate and Manganese 

operations, 
Moreover, 

but is 
it is 

not 
not 

Nitrate and manganese are also not harmful nor practicably treatable at 
the levels present in the various waste streams. 

Surfactants 

SUrf actants are not practicably treatable at the zecorded levels. 

Alqicides 

Very little data was found for algicides (exclusive of chlorine) 
although various algicides may be utilized in cooling water systems. 
Most utilities requiring algicides utilize chlorine. 

Other Potentially Siqnif icant Pollutants 

The following are potentially significant pollutants, which may be 
present in effluents from steam electric powerplants, but for which 
little data are available at this time. 
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Cadmium 
Lead 
Nickel 
Selenium 

Complete analyses of the fossil fuel used by a particular plant can be 
used as a basis for determining which pollutants, in addition to those 
covered by effluent limitations guidelines and standards, are likely to 
be present in effluents in quantities justifying monitoring and the 
establishment of effluent limitations. 

selection of Pollutant Parameters 
~- -------- --
The u. s. Environmental Protection Agency published (Federal Register, 
Volume 38, No. 199, pp. 28758-28670, OCtober 16, 1973) 40 CFR 136 
Guidelines Establishing Test Procedures for the Analysis of Pollutants. 
seventy-one p:>llutant parameters were covered. This list with the 
addition of free available chlorine, polychlorinated biphenyls, chemical 
additives, debris and pH which were not included provides the basis for 
the selection. of pcllutant parameters for the purpose of developing 
effluent limitations guidelines and standards. All listed parameters 
are selected except for those excluded for one or more of the following 
reasons: 

1. Not harmful whEn selected parameters are controlled 

2. Not present in significant amounts 

3. Not control! ab le 

4. Control substitutes more harmful pollutant 

5. Insufficient data available 

6. Indirectly ccntrolled when selected parameters are controlled 

7. Indirectly measured by another parameter 

a. Radiological pollutants not within the scope of effluent 
limitations guidelines and standards. 

Table A-VI-3 presents a breakdcwn of the methodology for selection of 
parameters for the following waste water stream (except for sanitary 
wastes) which comprise the entire waste water discharged from steam 
electric powerplants: 

High Volume 

nonrecirculating (once-through) condenser cooling systems 
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,..... 
V1 ...... 

-·-

Tabl.e A-VX-3 

SELECTXON OF POLLtJrANT PARAMETERS* 

POLLtJrANT PARAMETER CLASS OF WASTE WATER STREAMS 

High-Volume rntermediate-Volume Low-Volume Rainfall Runoff 

General 
Acidity (as Caco

3
) l l l l 

Alkalinity (as Caco
3

) l l l l 
Ammonia (as N) 2 2 2 2 
Biochemical oxygen demand (5-day) 2 2 2 2 
Chemical oxvaen demand 2 2 ? ? 

Hardness-total 3 4 4 ~ 
Kjeldahl nitrogen (as N) 2 2 2 2 
Nitrate (as N) 2 2 2 2 
Nitrite (as N) 2 2 2 2 
oH value 2 • - • ----------
Total dissolved (filterable) solids 3 3 6 3 
Total organic carbon 2 2 2 2 
Total phosphorus (as P) 2 • 6 2 
Total solids 3 6 6 6 
Total suspended (nonfilterable) solids 3 • • • Total volatile solids 2 2 2 2 

Nutrients, Anions, and Organics 
Algicides 6 6 5 2 
Benzidine 2 2 2 5 
Bromide 2 3 3 3 
Chloride 3 3 3 3 
Chlorinated orqanic comoounds 2 5 <; 5 
Chlorine-free available • • 2 2 
Chlorine-total residual 6 ** 6 ** 2 2 
Cyanide-total 2 2 2 2 
Debris • 2 2 2 
Flouride 2 2 6 2 
Oil and grease 2 • • • Organic nitrogen (as N) 2 2 2 2 
Ortho-phosphate (as P) 2 6 6 2 
Pesticides 2 5 2 5 
Phenols 2 2 ·2 2 
Polychlori~ated biphenyls 2 2 2 • Sulfate (as so

4
) 3 3 3 3 

Sulfide (as S) 3 3 3 3 
Sulfite (as so

3
) 3 3 3 3 

Surfactants 2 6 6 2 
Chemical additives (biocide,corr.inhib.) 6** 6** 6 2 

*Key: e =Selected 
l =Rejected 
2 =Rejected 
3 =Rejected 
4 =Rejected 

5 
because not haD11ful when selected parameters are controlled 6 

=Rejected because insufficient data available 
=Rejected because indirectly controlled· when selected parameters 

are controlled because not present in significant amounts 
7 =Rejected because ingirectly measured by another parameter because not controllable 

because control substitutes a more harmful pollutant 

** Selected where technology is available to achieve no discharge 

8 =Rejected because radiological pollutants are not within the 
scope of EoPoAo guidelines and standards 



..... 
U1 
00 

POLLurANT PARAMETER 

Trace Metals 
Aluminum-total 
Antimony-total 
Arsenic-total 
Barium-total 
Bervllium-total 
Boron-total 
Cadmium-total 
Calcium-total 
Chromium-VI 
Chromium-total 
Cobalt-total 
Copper-total 
Iron-total 
Lead-total 
Magnesium-total 
Manganese-total 
Mercury-total. 
Molybdenum-total 
Nickel-total 
Potassium-total 

·--------~ f------- ---- --------
Selenium-total 
Silver-total 
Sodium-total 
Thallium-total 
Tin-total 
Titanium-total 
Vanadium-total 
Zinc-total 

Ph~sical and BiolS?Slical 
Coliform bacteria (fecal) 
Coliform bacteria (total) 
Color 
Fecal streptococci 
Specific conductance 
Turbiditv 

RadiolS?Slical 
Alpha-counting error 
Alpha-total 
Beta-counting error 
Beta-total 
Radium-total 

*Key • =Selected 

Table A-VI-3 (continued) 

SELECTION OF POLLl1rANT PARAMETERS * 

CLASS OF WASTE WATER STREAMS 

High-Volume Intermediate-Volume 

2 6 
2 2 
2 2 
2 2 
2 2 
2 3 
2 3 
1 1 
2 6 
2 • 2 2 
3 6 
3 6 
2 2 
1 1 ____ 2 _____ 

2 
2 2 
2 2 
3 6 

__ l::_ ____ 1 - - - - --------
2 2 
2 2 
1 1 
2 2 
2 2 
2 2 
2 2 
2 • 
2 2 
2 2 
2 6 
2 2 
2 7 
3 6 

8 8 
8 8 
8 8 
8 8 
8 8 

Low-Volume Rainfall Runoff 

6 6 
2 2 
2 2 
2 2 
2 2 
3 3 
2 2 
1 1 
6 2 
6 2 
2 2 

• 2 

• 2 
2 2 
1 1 
2 2 
2 2 
2 2 
6 6 
1 1 
2 2 
2 2 
1 1 
2 2 
2 2 
2 2 
2 2 
6 2 

2 2 
2 2 
6 6 
2 2 
7 7 
6 6 

8 8 
8 8 
8 8 
8 8 
8 8 

1 =Rejected 
2 =Rejected 

because 
because 

not harmful when selected parameters are controlled 
not present in significant amounts 

5 =Rejected because insufficient data avialable 
6 =Rejected because indirectly controlled when selected parameters 

are controlled 
3 =Rejected because 
4 =Rejected because 

not controllable 
control substitutes a moreharmful pollutant 7 =Rejected becaus~ indirectly measured by another parameter 

8 =Rejected because radiological pollutants are not within the 
scope of E.P.A. guidelines and standards 



Intermediate Volume 

• 

• 

• 

blowdown from recirculating condenser cooling water systems 

nonrecirculating ash sluicing systems; 

nonreciruclating service water systems 

nonrecirculating wet-scrubbing air pollution control systems 

Low Volume 

• 

• 

• 

• 

• 

• 

• 

• 

blowdown from recirculating ash sluicing systems 

blowdown from recirculating wet-scrubber air pollution control 
systems 

boiler blowdcwn 

equipment cleaning (air preheater, boiler fireside, boiler 
tubes, stack, etc.) 

evaporator blowdown 

flow drains 

intake screen backwash 

recirculating service water systems 

water treatment system 

Rainfall Runoff 

• coal pile drainage 

road and yard drains 

Sanitary System 

The selected parameters for the various classes of waste water 
streams are shown in ~able A-VI-4. 
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Table A-VI- 4 

SELECTED POLLurANT PARAMETERS 

Class of Waste Water Stream 

High Volume 

Intermediate Volume 

Low Volume 

Rainfall Runoff 

Parameter 

Chemical additives 
(biocides)* 

Chlorine-free available 
Chlorine-total residual* 
Debris 

Ctemical additives 
(corrosion inhibitors)* 

Chlorine-free available 
Chlorine-total residual* 
Chromium-total 
Oil and grease 
pH value 
Total phosphorus (as P) 
Total suspended solids 
Zinc-total 

Copper-total 
Iron-total 
Oil and grease 
pH value 
Total suspended solids 

Oil and grease 
pH value 
Polychlorinated biphenyls 
Total suspended solids 

* Note: Selected where technology is available to 
achieve no discharge. 
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PART A 

CHEMICAL WAS'IES 

SECTION VII 

CCNTROL AND TREATMENT TECHNOLOGY 

Introduction 

curry37t presents a general methodology for metallic waste treatment. 
some of the principles are also applicable, however, to other types of 
wastes. The following outline conveys, with some modifications, the 
general principles of Curry's work: 

I. Omit flows with a pollutant concentration lower than the 
concentration in equilibrium with the precipitate formed 

~I. Reduce the waste water volumes requiring treatment 

III. Minimize the solubility of the pollutant 

A. Eliminate comp~unds that form soluble complexes 

B. Reduce concentration of interfering ions that increase 
pollutants solubilities 

c. Maintain conditions that minimize total solubility 

IV. Control conditions to increase the proportion of the pollutants 
in the ionic form required for its precipitation or adsorbent 
reaction 

v. Avoid conditions that will form harmful amounts of gases during 
treatment 

VI. select a process that will give the lowest practicable or 
economically achievable amounts of pollutants.in the effluent, 
up to and including no discharge of pollutants 

VII. Select a process that produces a sludge that can be disposed of 
in accordance with environmental considerations. 

The control and treatment technology for the 
wastes from a steam electric powerplant 
combinations of the fellowing techniques: 

(1) Elimination of pollutants by: 
a) process modifications 
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b) material substitutions 
c) good housekeeping practices 

(2) Control of waste streams by maximum reuse 
and conservation of water 

(3) Removal of pollutant from waste stream 

In order to select and implement an efficient waste management program, 
it is necessary to evaluate the control and treatment techniques 
corresponding to specific factors applicable in each case. 

In this section alternate control and treatment techniques and their 
limitations are evaluated for different chemical waste streams. 
Advantages and disadvantages are presented. Based on the reported data, 
industry-wide practices and exemplary facilities are indicated. 

Chemical wastes can be discussed in three gene~al groups (continuous 
wastes, periodic wastes, and wastes whose characteristics are unrelated 
to the powerplant operations) even though, for the purposes of guideline 
development, a classification .bY volume would be appropriate. The 
continuous wastes are those directly associated with the continuous 
production of electrical energy. -They include condenser cooling water 
discharge (for once-through systems) or blowdown (for closed systems), 
water treatment plant wastes, boiler or PWR steam generator blowdown, 
discharges from house service water systems, laboratory, ash handling 
systems, air pollution control devices, and floor drains. The periodic 
wastes are those associated with the regularly scheduled cleaning of 
major units of equipment,. usually at a time of plant or unit shutdown. 
Those include spent cleaning solutions from the cleaning of the boiler 
or PWR steam generator tubes, boiler fireside, air preheater and con• 
denser cooling system, and other miscellaneous equipment cleaning 
wastes. The final grcup of wastes includes drainage from coal ~iles of 
coal fueled plants, drainage from roof and yard drains, run-off from on­
site construction and sanitary wastes. Control and treatment of 
discharges from systerr.s involving high-level or low-level rad wastes are 
not known to be practicable due to the possible adverse affects which 
might arise from concentrating the radioactive materials in the 
treatment operation. 

Continuous Wastes 

Once-through Condenser cooling System 

In the once•through systems, chlorine is the major chemical pollutant 
where it is added for biological central. Excess total residual 
chlorine discharge can be minimized by monitoring and controlling free 
available chlorine concentrations in the discharge stream. commercial 
monitoring and controlling instruments are available which can. measure 
and maintain concentrations down to 0.2 mg/l. 
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AS shown in Figure A-VII-1, chlorine· can be regulated by feedback 
instrumentation. The chlorine feeder is activated manually or by a 
timer. Chlorine is then added to the cooling water before it goes to 
the condenser. Cooling water leaving the condenser flows to the cooling 
pond or to the receiving water body. Chlorine level in the discharge is 
monitored by chlorine analyzer AC-1. When chl9rine reaches O. 2 mg/ 1 the 
analyzer opens ACS-1 which shuts down the feeder until it is restarted 
manually or by timer KS-1. This type of system is not in general use in 
the industry at this time, but is common practice in municipal sewage 
treatment plants. Intermittent programs of chlorine or hypochlorite 
addition can be employed to reduce to total chlorine residual 
discharged. A further technique to reduce the_ total residual chlorine 
discharged is to employ chlorination at periods of low condenser flow 
for· a unit. If only one unit at a time at a multiunit station is 
chlorinated, the concentration of total residual chlorine in the 
combined effluent from the station is reduced. Chlorination can further 
be employed at times in harmony with more favorable receiving water 
conditions. 

controlled addition of chlorine can also be achieved without the daily 
use of monitoring instruments. Sampling and laboratory analysis can be 
employed for a number of days until a correlation is established between 
chlorine addition characteristics (schedule, rate, duration). and the 
effluent total residual chlorine eoncentrations. Subsequent use of the 
correlation with no effluent sampling, except for occasional ~hecks, may 
be satisfactory in many cases. 

Mechanical means for cleaning stainless steel condenser tubes is used in 
a few plants in place of some portion of the total required chlorine 
addition, however, the degree of practicability is related to the 
configuration of the process piping and structures involved at any 
station. 

The substitution of stainless steel and titanium condenser tubes in 
place of copper alloy tubes is possible but is not known to have 
employed solely to reduce the quantities of copper alloy materials 
discharged. 

Closed Condenser Cooling System Blowdcwn 

In a closed condenser cooling system a blowdown is required to prevent 
scaling of the condenser. The significant pollutant parameters of this 
waste are TSS, chlorine and chromates. 

The monitoring of chlorine in the blowdown stream can be achieved in a 
manner similar to that described for the once-through system. 

Further potential methods of reducing or eliminating residual chlorine 
levels in the blowdown are as follows: 
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LEGEND: 

AC-1: 
ACSl: 
KS-1: 

Chlorine Analyzer 
Chlorine Feeder Contacts 
Controller (Timer Optional) 
Flow Path 

••• ~ Optional Flow Path 
------- Instrument Signal 

CHLORINE FEED CONTROL 
ONCE-THRU CONDENSER COOLING SYSTEM 

FIGURE A-VII-1 
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a) Installing residual data feedback equipment into the chlorine 
feed system. 
b) Practicing split stream chlorination (splitting the condenser 
flow into separate streams which are chlorinated one at a time) • 
c) Reducing the chlorine feed period, if possible. 
d) Reducing the initial residual chlorine level in the condenser 
effluent. 
e) Increasing the water volume of the cooling tower. This 
alternative may not apply to existing cooling towers because it 
involves the system design. The alternative can apply to systems on 
the engineering drawing boards. This alternative may have other 
advantages--such as an extra supply of water for fire protection. 
f) cutting off the blowdown when residual chlorine appears in the 
sump. The blowdcwn flow can resume after the residual is dissipated 
by the flashing effect and the makeup water chlorine demand. The 
length of time during which the blowdown can be eliminated is a 
function of the system's upper limit on dissolved solids. 
g) Mixing the blowdown with another stream which has a high 
chlorine demand. 

An end-of-pipe treatment for reducing chlorine levels is the addition of 
reducing agents such as sodium bisulf ite (NaHsoi) • Chlorine being an 
oxidizing agent will oxidize these chemicals. one mole of bisulfite is 
required per mole of chlorine or 1.47 mg/l per mg/l of chlorine. By 
maintaining a 10~ excess of sodium bisulfite in the discharge stream, 
chlorine can be eliminated. However, the excess sodium sulfite creates 
an oxygen demand, thus substituting one pollutant problem for another. 
A system of this type is currently being installed in a nuclear plant 
currently under construction. 

The amounts of pollutants discharged in blowdown can be reduced by 
reducing the blowdown flow. This reduction in flow can be achieved by 
substituting IOOre soluble ions for scale formers. Similarly, the use of 
organic sequestering agents su~h as polyolesters and phosphonates can be 
used to reduce blowdown flow rates. 33• These then become pollutants in 
the blowdown. 

Water treatment chemicals are used to control several problem areas. 
The use of these chemicals has been greatly reduced by the substitution 
of plastic or plastic-coated cooling tower components. The plastic 
shows considerable resistance to microbiological attack, corrosion, and 
erosion. Many new installations using cooling towers are going this 
route. Where water treatment is necessary, several chemicals are being 
used to control the various problem areas associated with the cooling 
towers. 

Wood deterioration includes three types of attack; chemical, biological, 
and physical. Chemical deterioration, which removes the lignin, is 
especially severe with the combine~ presence of high chlorine residual 
and high alkalinity (chlorine should be less than 1 ppm). This 
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deterioration can be checked by maintaining the pH below a.o. 
Biological attack on wood is caused by cellulolytic fungi. 1he 
application of chlorinated phenolic compounds in a controlled foam form 
has been found to be highly effective in promoting prolonged protection 
of cooling to~r wood. Physical attack on wood is caused by high· 
temperature waters, high solids concentration, and freezing and thawing 
conditions. 

Oxidizing biocides effectively kill the organisms, but their activity is 
short-lived. (Requires frequent or continuous feeding) • Chemicals 
which are used include chlorine and calcium and sodium hydrochlorites, 
one method is to dose to a free available chlorine concentration of 0.3 

O. 6 ppm for a pericd of four hours daily. The chlorinated cyanurates 
and inocyanurates and other chlorinated organic materials are also used 
to introduce chlorine to water. Persulfate compounds, which are 
odorless, are also often used (potassium hydrogen persulfate). Ozone, 
another oxidizing biocide, is undergoing experiment for use in various 
systems. It is a very powerful oxidizing agent and is twice as potent 
as chlorine for destroying bacteria and organic matter. It also 
oxidizes undesirable metals such as iron and manganese. several 
nonoxidizing biocides are also being used. Some of these compounds 
include: chlorinated phenolic compounds chlorinated and phenylated 
phenols and their sodium or potassium salts; organotin - complex amine 
combinations; surface-active agents such as quartenary ammonium grQupsj 
organo-sulphur compounds such as dithocarbamate salts and the thiuram 
mono - and disulfides; rosin amine salts formed by reaction with 
carboxylic acids and acidic phenols such as the salts of acetic acid and 
pentachlorophenol; copper salts such as copper sulfate; thiocyanates 
such as methylene thiocyanates and bisthiocyanate; and acrolein which is 
highly flammable and may be toxic to warm-blooded animals. 

In cooling water systems, two types of corrosion inhibitors can be used 
anodic and cathodic. Chromates, orthophosphates and nitrite - based 

products are examples of anodic corrosion inhibitors. Polyphosphate, 
silicate, and metal salts which form sparingly soluble hydroxides, 
oxides and carbonates (such as zinc) act as cathodic inhibitors. 
Chromates and other heavy metals may be harmful to aquatic organisms. 
Phosphates can serve as a nutrient to aquatic life. Inorganic, 
nonchromate corrosion inhibitors consist of various combinations of 
polyphosphates, silicates, ferrocyanides, nitrates, and metal ions such 
as zinc and copper (straight polyphosphate, zinc - polyphosphate, and 
ferro cyanide poly1;hosphate) • Work is being done to develop 
nonpolluting corrosion inhibiting components. Two such compounds are 
sodium and mercaptobenzothiazole and derivatives of organo-phosphorus. 
Dearborn Chemical Division of w. R. Grace and Company has developed a 
nonchromate, nonphosphate corrosion inhibitor. The synthetic-organic 
corrosion inhibitor which is hydrolytically stable and possibly 
nontoxic. This compound is designed to reduce scaling and fouling on 
heat transfer surfaces.. It is not as effective as zinc and chromates, 
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but is at least as effective as other comparative nonchromate and zinc 
polyphosphate compounds. 

A film-forming sulfophosphated organic corrosion inhibitor is put out by 
the Tretolite Division of Petrolite Corporation. Tretolite states that 
it is effective in both fresh and high brine waters and is less toxic to 
fish and other aquatic life than metal salts such as chromate. Its 
toxicity compares to that of methanol, gasoline, and xylene. It is said 
that the inhibitor also performs well in the presence of H1S or coz. 

scale deposits are prevented by controlling the hardness and alkalinity 
of the water system. This is normally done by feeding an acid to the 
water to neutralize the bicarbonate alkalinity. An acid which is widely 
used is sulfuric acid. Most cooling tower systems are controlled in the 
pH range of six tc seven. This range depends on the balance between 
corrosion inhibition and deposit control. Phosphonates and 
polyelectrolites are used as deposit-control agents. A possible 
arrangement for pH control is shown in Figure A-VII-2. 

water Treatment Wastes 

Clarification, Softening and Filtration 

The waste streams from these operations are sludges, whose composition 
will vary depending on the raw water quality and the method of 
treatment. Sludges from plain sedimentation are essentially silty in 
character. If alum is used as a coagulant, the sludges will contain 
aluminum hydroxide together with whatever organic or inorganic colloids 
have been coagulated by the alum. Sludges from lime softening contain 
primarily calcium and magnesium carbonates and hydroxides. Sludges from 
filter backwash operations reflect the processes that. preceded the 
filter and differ only to the extent that filter backwash is generally a 
periodic operation, whereas sludges from setting basins are withdrawn 
more or less continuously. 

Sludges will generally contain between 0.5 and 5.01 of suspended solids. 
Accepted treatment techniques in the water and wastewater treatment 
industry consist of hydraulically thickening these sludges to about 10 
to 151 solids content. Following thickening, the sludges can be further 
dewatered by land dis~osal, centrification, filtration, or incineration. 
Figure A-VtI-3 shows two typical clarifier waste systems. These 
processes are discussed in further detail in section A-IX. The 
supernatent from sludge thickening is generally returned to the original 
s~lids separation unit. 

Ion Exchange wastes 

Ion exchange resin beds must be regenerated periodically in order to 
.maintain their exchange c~pacity. For cation resins, the most common 
regenerant is sulfuric acid. For anion resins, the common regenerant is 
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sodium hydroxide, altbough ammonium hydroxide is used in some plants, 
Since powerplant practice is to use excess amounts of regenerants, the 
waste streams contain primarily sulfuric acid and sodium hydroxide, 
together with the ions removed from the water during the exhaustion 
cycle. The waste stream also includes rinse water, that is water passed 
through the resin beds to remove all traces of regenerant. Typical 
practice is to regenerate ion exchange uni ts whenever a specified 
exhaustion has been reached while the units are in service. Figure A· 
VII-4 shows a simplified flow system. 

waste regenerants and rinses from both the cation and anion resins are 
normally collected in a neutralization tank and the pH is then adjusted 
to within the range of 6.0 to 9.0 on a batch basis by the addition of 
sulfuric acid or sodium hydroxide as required. If any precipitates are 
formed a~er neutralization, they ·are separated from the liquid by 
settling or by filtration. Figure A-VII-5 shows. a neutralization pond. 

The neutralized wastes are high in TDS and w::>uld require further 
treatment before they could be used for other water uses requiring low 
TDS water. However, they are suitable for use as makeup for closed 
condenser cooling systems or -for such uses as ash sluicing or gas 
scrubbing, which do net require high quality sources of supply. It may 
be desirable for some uses in the powerplant to use ion exchange wastes 
without neutralization. Closed cooling water systems generally require 
some acid treatment to reduce the buildup of alkalinity and air 
pollution control devices may require an ~lkaline source of water. Ion 
exchange waste the ref ore can often form an economical source of low 
grade acid or caustic for other uses in the plant. 

substantial reductions in the volume of demineralizer wastes can be 
achieved by the use cf systems which substitute reverse osmosis (RO) or 
electrodialysis combined with ion exchange (IE) for systems using ion 
exchange alone. One study shows that RO plus IE systems are le.ss costly 
than IE systems alone for total dissolved solids of 500 mg/l as CaCOj in 
the natural water available. The study is based on 100, 000 gallons/day 
prod.uct capacity, no labor costs, and a waste disposal cost of $5/1000 
gallons. 383 A 250 gpm product capacity RO system has been recently 
installed at plant no. 5405. The available water total dissolved solids 
level is 750 mg/l as CaCO]. The system is designed to reduce the 
dissolved solids level of pretreated river water to the· range for which 
the conventional resin-bed deionizers are designed.38• 

Evaporator Blowdown 

In those plants still utilizing evaporators to produce boiler feedwater 
makeup, the blowdown from the evaporator contains the salts of the 
original water supply in concentra~ed form, but generally still in the 
solution phase. Treatment is similar to the treatment of ion exchange 
wastes by adjusting the pH to the neutral range of 6. o to 9. O with 
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sulfuric acid or sodium hydroxide. If precipitates are formed during 
neutralization, these are removed by sedimentation and filtration. 

As for ion exchange wastes, the most desirable method of disposal is by 
reuse within the plant for applications not requiring low TDS sources of 
supply. 

Boiler or PWR steam Generator Blowdown 

since the quality cf the boiler feedwater must be maintained at very 
high levels of purity, the blowdown from these units is generally of 
high quality also. Boiler blowdown seldom exceeds 100 mg/l TDS and in 
most cases is as low as 20 mg/l. For most plants, the quality of the 
boiler blowdown is better than the quality of the raw water supply, 
whether it be from a natural source or a municipal water system. The 
most desirable reuse ·of boiler blowdown is therefore as makeup to the 
demineralization system. 

Boiler blowdown is usually slightly alkaline, but because of the low TDS 
level, the pH changes very readily. Neutralization is generally not 
necessary for any of the forms of reuse previously discussed in this 
section. 

Periodic wastes 

Maintenance Cleaning wastes 

All heat transfer surfaces require periodic cleaning and the usual 
method of cleaning bciler tube internals is to contact these surfaces 
with solutions containing chemicals which will dissolve any scale or 
other dep:>sits on these surfaces. Cleaning operations utilizing water 
include cleaning of the fire side of boiler tubes, the air preheater, 
the cooling water side of the condenser, and other miscellaneous heat 
exchange eqUipment. 

Modern steam generators do not permit inspection of areas most likely to 
be in distress due to internal deposits, nor can they be cleaned 
mechanically. Hence, the only practical and generally accepted method 
of cleaning is by chemical means.377 

Boiler cleaning wastes pose special problems of disposal. In order to 
be effective, the chemicals used for cleaning must form soluble 
compounds with the scale and deposits on the surfaces to be cleaned. 
Since scale is evidence of the precipitation of an insoluble compound, 
the cleaning solution must somehow change that solubility. The most 
common means of accomplishing this objective is by extremes of pH and 
strong oxidation potential. Where acids are utilized as cleaning agent, 
there is the addition·a1 ~roblem of metals being dissolved into the 
cleaning solution. 
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Cleaning of heat transfer surfaces is a relatively infrequent operation, 
The rate of deposi ticn determines the frequency. However, no general 
agreement exists as to how to determine when the point has been reached 
which calls for cleaning. Most operators clean· on a time schedule, 
frequently establish~d by trial and error. A majority of those that do 
not clean on a time schedule remove tube sections to gauge the amount of 
deposition. 37 7 Boilers are usually cleaned not more than once per year. 
some of the auxiliary units may be cleaned twice a year. Cleaning 
operations are scheduled in advance in order to minimize the effect of 
the outage on the ability of the utility to meet the demands for 
electric power. 

Powerplants use essentially two types of cleaning solutions. One type 
is an acid solution, usuallly hot hydrochloric acid, used to clean the 
water side of the bciler tubes. Hydrochloric acid cleaning is the 
cheapest and most effective of the cleaning methods, but requires a 
larger volume of water and takes longer than methods employing other 
chemicals. Citric and fbosphoric acids are also used, primarily because 
they involve less outage time than hydrochloric acid. Fireside cleaning 
of boilers and cleaning of air preheaters is accomplished using alkaline 
solutions, primarily containing soda ash. 

Many utilities discharge their cleaning wastes with once ... through 
condenser cooling water, relying on the high dilution ratio to minimize 
adverse effects of the discharge. Some utilities collect spent cleaning 
solutions in storage l:asins or ash ponds and adjust the pH to the 
neutral range. This causes the precipitation of some of the less 
soluble compounds. The supernatent is discharged to the receiving water 
and the solids are rerroved from the basin when this becomes necessary. 
This technique is followed at plant no. 2525, which neutralizes its 
cleaning wastes before discharge to a large settling pond. Plant no. 
3601 also collects cleaning wastes in a storage basin, applies lime or 
caustic for neutralization, and then discharges the supernatent. 

current control and treatment technology for cleaning wastes involves 
segregation of the waste, chemical treatment to bring the pH into the 
neutral range, and separation of any precipitates resulting from the 
neutralization. 

Miscellaneous Wastes 

Ash Handling Wastes 

Most of the coal-fired plants use ash ponds. The data from existing ash 
settling ponds was reviewed in Part A section v of this report. of the 
plants for which useful data was obtained, 28% have a negative or zero 
net discharge of total suspended solids from the ash pond. For example, 
Federal discharge permit applications for four of these stations are 
given in Table A-VII-1. The data of one of these, plant no. 0107, were 
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Table A-VII-1 

ASH POND PERFORMANCE 

Source: Federal discharge permit applications 

Plant No. Concentration Total Suspended Solids, mg/l 

Plant Intake Effluent 

0104 31 22 

0105 35 6 

0106 10 3 

0107 13 10 



verified by analyses of samples taken at the site by EPA personnel, 
These data are summarized in Table A-VII-2. 

pH adjustment has been discussed earlier for other waste streams. Some 
plants provide pH control on ash pond effluent. In pH adj1:1stment, 
addition of chemicals (such as lime) to the pond should be carried out 
such that adequate mixing and settling is provided in the pond. This 
can be achieved by separating the pond in two areas by use of overflow 
weirs. 

At plant No. 3626 the fly ash is handled dry by a pressurized collection 
system, and the bottom ash is collected hydraulically. Once per shift 
the bottom ash is sluiced from the furnace bottom for settling. Water 
for the next sluice is recycled from the effluent of the sedimentation 
unit. The settled solids are periodically drained for disposal. The 
system is designed for complete recycle, with blowdown achieved by water 
retained in the settled solids. The recycle stream concentrations have 
equilibrated and the system has operated successfully for a number of 
years. A similar system in operation at plant no. 3630 was installed as 
a retrofit. Bottom ash from the combustion of pulverized coal at plant 
no. 3630 is trucked from the plant site by a purchaser. The system is 
shown in Figures A-VII-6 and A-VII-7. 

Most oil fired plants use dry ash handling, although closed-looped wet 
systems are also in use. At plant No. 2512, the fly ash sluicing system 
was designed to be a closed system. The ash collected by the 
precipitators is sluiced from the hoppers to two concrete ponds, 
suspended solids settle out in the ponds and a relatively clear liquor 
is returned to the precipitators to sluice additional ash to the ponds 
on a continuous basis. Due to excessive rainfall and leakage of pump 
sealing water, the system requires a blowdown of approximately 132.S m3 
(35, 000 gal.) per week. The blowdcwn is treated in another 
clarification pond where the solids are allowed to settle. The effluent 
from this pond goes to a neutralizing tank for pH adjustment, and is 
settled prior to discharge. The system is shown on Figure A-VII•8. 

The settled solids are intermittently dug out and sold to reclaiming 
companies for vanadium recovery. The cost of the ash handling system is 
estimated at $461,000. 

The above plant is presently investigating a vacuum filter system for 
continuous withdrawal and treatment of settled solids, to replace the 
intermittent withdrawal system now used. 

At plant No. 1209 fly ash from the mechanical collectors 
to the boilers for reburning. Accumulated bottom ash 
removed during maintenance and sold for the vanadium 
utility representatives indicate that other plants 
utilize similar ash handling techniques. 
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Table A-VII- 2 

SUMMARY OF EePeAe DATA VERIFYING ASH POND PERFORMANCE, PIANT NO. 0107 

Location 

Intake 

Inlet to Ash Pond 

• from fly ash 

• from bottom ash 

Ash Pond D_ischarge 

..... 
""'-I 
-......J * Note: Total 

TSS pH Aluminum* 
mg/l mg/l 

22 6.3 0.7 

76,440 4.4 1100 

4,110 5.6 56 

14 4.3 6.0 

Chromium* Copper* Iron* Mercury* 
mg/l mg/l mg/l mg/l 

(0.04 < 0.04 o.5 < 0.04 

1.3 5.1 2500 0.1 

0.1 o.3 112 < 0.04 

< 0.04 0.1 0.6 < 0.1 

Zinc* 
mg/l 

< 0.05 

2.8 

0.1 

0.1 



ASH SEDIMENTATION SYSTEM 

PLANT NO. 5305 

Figure A-Vll -6 
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ASH HANDLING SYSTEM 
(Plant No. 3626) 
FIGURE A-VII-7 
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Plant No. 3621 employs the same type of dry bottom ash handling and 
reinjection of fly ash as mentioned above. The oil burned is Bunker "C" 

Venezuela oil, with an ash content of 0.1%, a sulphur content of 3%, 
and a vanadium content of 300-400 ppm. A magnesium oxide fuel additive 
is used and it is estimated that bottom ash is 30%, and fly ash is 70%, 
of the total ash and additives residue. The following factors 
influenced the utility's choice of ash handling system: in a wet ash 
handling system it is estimated that 74.6% of the oil ash is soluble in 
water, and 30-40% of this ash remains in solution upon settling unless 
the detention time is very great hence a large settling area 
requirement; oil ash sluice is expected to be acidic (pH 3.5- 4) and may 
cause corrosion and maintenance problems; the dry bottom ash collection 
system would allow a credit for the sale of this ash for its vanadium 
content of about$ 0.001 per g ($0.50 per lb). 

Plant nos. 5509 and 5511 employ completely recirculating wet fly ash 
handling systems. Dry bottom ash systems are in use at a few plants. 

coal Pile Runoff 

In areas where water evaporation rates are higher than precipitation 
rates, it is possible tc direct coal pile runoff to a storage pond. 
These ponds may be provided with an impervious liner to avoid leakage 
that may contaminate a ground water aquifer. Since the amount of runoff 
depends on rainfall, for an average annual rainfall of 100 cm (40") a 
flow rate of 100,000 cubic meter (26.4 million gallons) per year could 
be expected for a one hundred thousand square meter (25 acres) storage 
pile. However, a precipitation of 5 cm (2 11 ) in one hour is also 
possible resulting in 5000 m3 (1.32 million gallons) runoff. Inasmuch 
as the evaporation of water is dependent on the surf ace area of pond, 
large pond areas will be required for these runoff flows. Furthermore, 
a leaping weir or similar device can be used to retain the initial, 
potentially significantly polluting, portions of storm rainfall (say the 
first 15 minutes of the design storm) and to divert the remaining 
relatively nonpolluting portions of the storm. 

Storage ponds for retention and treatment of coal pile runoff should be 
designed for local weather conditions. The design basis of the pond 
should be complete retention of runoff resulting from a storm which 
occurs once in ten years. Piping and/or open channels used for 
collection of runoff from the coal.pile should be designed to bypass all 
flow which exceeds the design basis of the storage pond. Weirs, baffles 
and regulators such as utilized in combined municipal sewer systems may 
be employed to bypass excess flow and avoid overloading of the storage 
pond. 

Coal pile drainage with pH from 6 to 9.0, and low dissolved solids can 
be pumped to ~ ash pend along with other waste streams, depending upon 
available area of the pond. 
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Runoff from coal pile with high acid and sulfate content can be 
neutralized by lime, limestone or soda ash. Any of these chemicals used 
for the neutralizatiai process involves es~entially the same unit 
operation. A typical sequence of unit operation is (a) holding (b) 
adding the neutralizing agent and mixing (c) sludge settling and 
disposal. The major difference between soda ash neutralization and lime 
or limestone neutralization is that soda ash produces a water low in 
hardness and calcium, but high in sodium. Other chemical parameters are 
comparable between the three neutralizing agent. Figure A-VII-9 
presents the chemical cost for these three chemicals. 

Limestone handling is easier than that of lime because of its low 
reactivity. Limestone reaction is not very sensitive quantitatively: 
i.e. small changes in limestone feed rate or runoff quality do not cause 
large changes in product water quality so that the accuracy of limestone 
feeding need not be controlled with the precision required for lime. 
Unlike lime, accidental over treatment is not a pollution problem with 
limestone because of its low solubility. 

A major disadvantage in limestone neutralization can be attributed to 
the slow oxidation rate of ferrous iron and conseq\iently lower rate of 
settling. The rate of settling can be increased by the addition of 
coagulant aids. Figure A-VII-10 and Figure A-VII-11 present a 
comparison of lime, limestone and soda ash reactivities and settling 
rates respectively. For a coal pile runoff containing ferrous iron 
(FeSO~) and free acid (H2sO~) , the overall neutralization reaction using 
limestone (CaCOl) can be represented in the following simplified manner: 

3CaC03 + 2FeS04 + H2S04 + o.s 02 + 2H20 = 3CaS04 + 2Fe (OH) 3 + 3C02 

A method of collecting and neutralizing coal pile drainage is to 
excavate a channel arcund the coal pile large enough to have a 10 minute 
detention time. The tottom of the channel should contain a limestone 
bed for neutralizing the acid·content of the runoff. The channel should 
be sloped so as to have the runoff drain to a sump from where it can be 
pumped or gravity fed to a holding pond prior to discharge. 

Insoluble material or precipitated products from neutralization can be 
separated by sedimentation or filtration. The removal of solids by 
sedimentation has been described earlier. Figure A-VII-12 shows a 
typical coal pile, with a runoff collection ditch around the perimeter. 
Plant no. 3630 has a retrofit system for collecting and filtering coal 
pile drainage. The coal pile trench is designed to handle a 15-hour, 
once-in-36-years rainfall (3.9 inches). The infl<:7N to the coal pile is 
gradually transferred to a collecting basin, which also receives yard 
and building drains. The maximum flow to the 100 ft diameter filtering 
pond is 2400 gpm. The filter medium is a 4 ft deep layer of 0.4 mm 
sand. The loading is 3.5 gpm/ft2 and is designed to achieve 35 mg/1 
total suspended solids in the ~ff luent. A design for lower effluent 
total suspended solids would involve a deeper bed, a better filter 
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media, or a larger bed area. This filter has achieved effluent total 
suspended solids levels of 15 mg/l or less over approximately 75 percent 
of the storm events to date. The trench and collecting basin 
construction costs ~ere about $750,000 and the filtering pond about 
$150,000. 

Floor and Yard Drains 

Floor drains from a coal-fired generating station can be collected and 
pumped directly on to the coal pile so that the oil present in the 
drainage stream is absorbed by the coal and burned with it. The water 
will serve the pur~ose .of· keeping the pile wet in order to avoid 
spontaneous combustion. Floor drains from plants using a fuel mixture 
or fuel other than coal, can .be neutralized (if necessary) by lime or 
acid to bE:ing the pH between 6 and' 9.0. Oil will be removed by passing 
the stream through an air floatation unit or an oil-water separator 
(Figures A-VII-13, 14). If the drains contain high levels of TSS, 
sedimentation techniques described earlier can be used. An air 
floatatiai unit used for floor.and yard drains is shown in Figure A-VII-
15. Contaminated stormwater runoff can be treated in a similiar manner. 
Stormwater collected in oil storage tank basins is generally held for 
controlled discharge to.an oil-water separator (Figures A-VII-16, 17). 

Air Pollution Control scrubbing Devices 

The nonrecovery alkali scrubbing process is a closed-loop type7 and the 
process employs recycle lime scrubbing liquor. The process requires a 
make-up water for saturating.the boiler gases. Consequently, the liquid 
effluent associated with the sludge removal step should be kept to a 
minimum to minimize make-up water requirements. This can be achieved by 
providing adequately sized ponds and adding f locculants for efficient 
settling. Use of mechanical filtration equipment will further dewater 
the sludge and thus minimize liquid effluent discharge. oxidation of 
the scrubber discharge effluent will ensure that sulfite level in the 
sludge is minimal. Lime/limestone addition is necessary to eliminate 
acidity. If the process employs a pond in the scrubber liquor recycle 
loop, the pond should be lined to minimize ground seepage. 

Sanitary Wastes 

Sanitary wastes can be discharged to municipal sewerage systems where 
possible. In rural areas, packaged sewage treatment plants are canmonly 
used for treating this waste. Most of these plants are based on the 
biological principle of aerobic decomposition of the organic wastes and 
are able to reduce the raw sewage concentrations of BOD-5 and TSS to 
meet effluent standards applicable to publicly-owned treatment works. 
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other wastes 

Intake screen backwash can be collected~ viable organisms returned to 
the waterway, and the collected debris removed before discharging the 
effluent to the ,receiving waters. Collected debris can be disposed of 
in a landfill or other solid waste disposal facility. ' 

For other miscellaneous wastes, such as those from laboratory and 
sampling activities, etc., pH adjustment and TSS removal is similar to 
that followed in other waste streams. Technology for the control qf 
pollution from construction activities is treated comprehensively in 
Reference 382. 

Oil spillage from transformers can be absorbed in slag-filled pits under 
and around the transformers. Curbing of the pits prevents flooding by 
surf ace water and floating off the oil. 

Waste water from the primary coolant loop of nuclear plants may contain 
boron; however, no treatment is known for boron removal. As explained 
in Part A Section V, nuclear plants follow a radioactive waste 
management system. Any treatment or recycle concept applied to remove 
non-radioactive pollutants from these wastes would have to consider the 
radioactive components of this waste. 

E2!lutant=§Qe£i.~I~!2tment Technology 

Applicable control and treatment technology relevant to specific 
pollutants is discussed in the J. w. Patterson, et al, report "Wastewater 
Treatment Technology". 208 Based on the data of that report and other 
sources, the following information is given on pollutant-specific 
treatment teclmology. 

Aluminum 

Precipitates as the hydroxide at pH 6-7.371 

Ammonia 

Ammonia can be removed from waste waters by stripping with steam or air. 
Steam stripping systems are capable of achieving effluent ammonia 
concentrations of from 5 to 30 mg/l. Cooling towers could be considered 
as air strippers of ammonia from contaminated waters. However, the 
reverse effect can occur, i.e. air-borne ammonia is absorbed.375 

Antimony 

Solubility data indicates a potential removal of about 90 percent by 
lime coagulation treatment.18 

192 



Arsenic 

Treatment processes employed involve coagulation at pH 6.0 to produce 
ferric hydroxide floe to tie up the arsenic and carry it from solution. 
This process has consistently yielded arsenic levels of 0.05 mg/l or 
less. 

Barium 

Precipitation as barium sulfate after addition of ferric or sodium 
sulfate at pH 6.0 yields effluent levels of 0.03-0.27 mg/l. 

:eeryllium 

No information was found concerning treatment methods for the removal of 
beryllium from industrial waste waters. However, precipitation of 
insoluble sulfate. carbonate or hydroxide may be possible. 

Boron 

No practicable treatment is reported. Borate-nitrate corrosion 
inhibition treatment is used in closed-loop house service water systems. 
Boron from this source could be reduced by minimizing the use of boron­
containing chemicals. However, some boron chemicals could discharge 
from ash sluicing operations as a result of boron content in raw coal 
used for firing. 

Cadmium 

Cadmium precipitates as the hydroxide at elevated pH. Its· solubility at 
pH 10 is O. 1 mg/l. The presence of iron hydroxide can enhance removal 
due to co-precipitation with, or adsorption on the iron floe. 
Complexing agents in the waste stream can reduce the effectiveness of 
precipitative removal. 

Calcium 

The lime-soda process precipitates calcium as calcium carbonate. 

~bromium 

The most common method of chromium removal is chemical reduction of 
he~avalent chromium to the trivalent ion and subsequent chemical 
precipitation. The standard reduction technique is to lower the waste 
·stream pH to 3 or below by addition of sulfuric acid, and to add sulfur 
dioxide, sodium bisulfite (or metabisulfite or hydrosulfite), or ferrous 
sulfate as reducing agent. Trivalent chromium is then removed by 
precipitation with line at pH 8.5-9.5. 

The residQal of hexavalent chromium after the reduction step depends on 
the pH, retention time, and the concentration and type of reducing agent 
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employed. The following effluent levels are reported for treatment of 
industrial wastes: 

1 mg/l 

"zero" 

- - - - - - - 0.1 mg/l 

metal finishing wastes, 
using sulfure dioxide 

metal finishing wastes, 
using sulfur dioxide -

wood preserving wastes, 
using sulfur dioxide -

electroplating wastes, 
using sodium bisulfite 

cooling tower blowdcwn, 
using metabisulfite -

cooling tower blowdcwn, 
using metabisulfite -

metal plating wastes, 
using metabisulfite -

chrome plating wastes, 
using metabisulfite -

- - - - - - - 0.7-1.0 mg/l 

- below 0.5 mg/l 

~ - 0.025-0.05 mg/l 

- - - - 0.1 mg/l or less 

- - - - . ~ 0.05-0.1 mg/l 

Ion exchange treatment of metal finishing wa~tes has successfully net 
chrome effluent standards equivalent to a hexavalent chromium 
concentration of 0.023 mg/l. 

The solubility of trivalent chromium is less than approximately 0.1. mgll 
in the pH range 8-9.5. Effluent levels, after precipitation of 
industrial wastes with lime, are reported.as follows: 

electroplating wastes, 
using coagulant aid - - - - - - - - - - - 0.06 mg/l 

metal finishing wastes, 
using settling - - - - -

wood preserving wastes, 
using settling - - - -

metal finishing wastes, 
using an anionic polyelectrolyte - -

- below 3 mg/l 

0.02 mg/l 

0.75 mg/l 

Ion exchange remo~al can effect complete i:emoval of trivalent chromium. 

The u.s. Atomic Energy Conunission reports total chromate effluents of 
0.1-0.2 mg/l after either chemical treatment or ion exchange.372-373 

Cobalt 

No information was f o\D'ld concerning treatment methods for the removal of 
cobalt from industrial waste waters. 
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copper 

Effluent concentrations of o.s mg/l can be consistently achieved by 
precipitation with lime employing proper pH control and proper settler 
design and operation. The maximum solubility of the metal hydroxide is 
in the range pH 8. 5- 9 .s. In a powerplant, copper can appear in the 
waste water effluent as a result of corrosion of copper-containing 
components of the necessary plant hydraulic systems. Normally, every 
practicable effort is made, as a part of standard ~esign and operating 
practices, to reduce corrosion of plant components. However, copper is 
not used in once-through boilers and, consequently, is not found in 
corresponding spent cleaning solutions. Excessively stringent effluent 
limitations on copper may necessitate complete redesign and alteration 
of condenser cooling and other systems. The following effluent levels 
of copper are reported for full-scale treatment of inqustrial wastes by 
lime precipitation followed by sed~mentation (except as noted): 

metal processing wastes - - - -
metal processing wastes - - - -
metal processing wastes, using 

sand filtration - - - - -
metal fabrication wastes, 

using coagulant - - -.- - - - - - - -
metal finishing wastes - - - - - - avg. 
metal mill wastes - - - - - - - - - - -
wood preserving wastes - - - - - - - -

0.5 mg/l 
0.2-2.s mg/l 

0.2-0.s mg/l 

2.2 mg/l 
0.2 mg/l 
1-2 mg/l 
. 0. 1-0 • 4 mg/ 1 

A significant problem in achieving a low residual concentration of 
copper can result if complexing agents are present, especially cyanide 
and ammonia. · 

Iron 

In general, acidic and/or anaerobic condition~ are necessary for 
appreciable concentrations of soluble iron to exist. "Complete" iron 
removal with lime addition, aeration, and settling followed by sand 
filtration has been reported. Existing technology is capable of soluble 
iron removals to levels well below 0.3 ing/l. Failure to achieve these 
levels would be the result of improper pH control. The Dl.1n1mum 
solubility of ferric hydroxide is at pH 7. In some cases, apparently 
soluble iron may actually be present as finely divided solids due to 
inefficient settling of ferric hydroxide. Polishing treatment such as 
rapid sand filters will remove these solids. In a powerplant, iron, as 
with copper, can ag>ear in the waste water effluent as a result of 
corrosion to iron-containing components of the necessary plant hydraulic 
systems. Normally, every practicable effort is made, as a part of 
standard design and operating 'procedures, to reduce corros.ion of plant 
components. Excessively stringent effluent limitations on iron, as· with 
copper, may necessitate complete redesign and alteration of condenser 
cooling and other systems. 

195 



Lead 

Precipitation by lime and sedimentation has been reported. Little data 
is available on effluent lead after treatment; however, tpe extreme 
insolubility of lead hydroxide indicates that good conversion <I>f soluble 
lead to insoluble lead can be achieved, with subsequent removal by 
settling or filtration. 

Magnesium 

The lime-soda process precipitates magnesium as the hydroxide. 

Manganese 

Precipitates upon lime addition. Significant' removals during water 
treatment are achieved at pH 9.4 and above. 

Molybdenum 

No information was found concernlng treatment methods for the removal of 
molybdenum from industrial waste waters. However, precipitation as 
chloride or sulfide may be possible. 

Mercury 

General treatment methods exist which are applicable to mercury-bearing 
waste streams. One of the most common, simplest, and most effective 
methods to remove mercury from solution is precipitation of an insoluble 
mercury compound. Sodium sulfide (Na~S) and sodium hydro-sulfide (NaHS) 
are effective in forming the extremely insoluble Hgs. This method is 
not favored, however, when recovery of mercury is desired, since 
offensive and poisonous hydrogen sulfide (H~S) gas is formed in the 
reduction process. Other methods include filtration with adsorptive 
compounds such as activated carbon and graphite powder, chemical 
flocculation, and ion exchange. 

Nickel 

Nickel forms insoluble nickel hydroxide upon addition of lime. Little 
efficiency is gained above a pH of 10, where the minimum theoretical 
solubility is 0.01 mg/l. 

oil and Grease 

Certain preventative measures can be applied to prevent spillage of oil 
and the entrance of oil into the plant drainage system. For example, 
plant No. 1201 employs inf lat able "stoppers" in the entrance to plant 
floor drains to trap spilled oil and so that it may be removed before 
entering the floor drain system. Means for oil separation from waste 
water have been discussed in a previous discussion of treatment of floor 
and yard drain waste water. 
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Flotation is efficient in removing emulsified oil and requires rru.n1mum 
space. It can be used without chemical addition, but demulsifiers and 
coagulants can improve ~erformance in ~ome cases. Whenever possible, 
primary separation facilities should be empl·oyed to remove free oil and 
solids before the water enters the flotation unit. Multi-stage units 
are more effective than single~stage units. .Partial-recycle units are 
more effective than full-pressure units. Oil removal facilities 
including single-cell flotation can achieve effluent oil and grease 
levels from 10-20 mg/l, whil~ multi-stage units can achieve 2-10 mg/l. 

Total Phosphorus (as Pl 

Pho~phorus concentrations of less than 0.1 mg/l can be routinely 
obtained using two-stage lime clarification at pH 11, followed by multi­
media pressure filters. Single-stage lime clarification at pH 9-11 with 
or without fiitration can achieve phosphorus concentrations of 2 mg/l or 
less. Figure A-VII-18 shows the effect of pH on phosphorus 
concentration of effluent after filtration. The average concentration 
for a clarifier pH of 9.5, and prior to filtration was 0.75 mg/l.37• 

Potassium 

No information was found concerning treatment methods for the removal of 
potassium from industrial waste waters. 

Polychlorinated Biphenyls (PCBsl 

PCBs a~e commonly 
should be taken to 
spills of these 
bodies. 

Seleniµm 

used as coolants in large transformers. Special care 
prevent leaks and spills and to contain possible 
fluids in 'order to prevent their discharge to wa~er 

No information was found concerning treatment methods for· the removal of 
selenium. 

Silv~x: 

Precipitation with chloride ion can remove silver to the mg/l level. 
However, co-precipitation with other metal hydroxides under alkaline 
conditions improves silver removal to less than 0.1 mg/l. 

"' 
Sodium 

No information was found concerning treatment methods for the removal of 
sodium fran industrial waste waters. 
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sulfate 

use of lime (calcium carbonate) in place of dolomite (mixture of calcium 
carbonate and magnesium carbonate) in lime treatment will minimize the 
presence of soluble sulfates, due to insolubility of calcium sulfate and 
solubility of magnesium sulfate. 

Thallium 

No information was found concerning treatment methods for the removal of 
thallium from industrial waste waters. However, the trivalent hydroxide 
is insoluble and may te removed by lime addition. 

Tin 

No information was found concerning treatment methods for the removal of 
tin from industrial waste waters. However, precipitation as hydroxide 
or sulfite may occur. 

Titanium 

No information was found concerning treatment methods for the removal of 
titanium ·from industrial waste water. 

TQ.t~l Dissolved Solids 

Removal of total dissolved solids ('IDS) from waste waters is one of the 
more difficult and more expensive waste treatment procedures. Where TDS 
result from heavy metal or hardness ions, reduction can be achieved by 
chemical precipitation methods; however, where dissolved solids are 
present as sodium, calcium, or potassium compounds, then TDS reduction 
requires more specialized treatment, such as reverse osmosis, 
electrodialysis, distillation; and ion exchange. 

~otal suspended Solids 

Suspended solids removal can be achieved by sedimentation and filtration 
operations. Sedimentation lagoons are commonly used at steam electric 
powerplants. some plants employed configured tanks. Tanks can be used 
where space limitations are important. Filtration is used for rainfall 
runoff waste water at plant No. 3630. Tanks constructed for solids 
removal usually have built-in facilities for continuous or intermittent 
sludge removal. Designs based on maximum flow anticipated can provide 
the best performance. Equalization can be provided to regulate flow. 
The retention time required is related to the particle characteristics. 
Plant No. 3905 employs a ~ettling basin 250,000 sq ft x 5 ft deep to 
provide a minimum retention time of 24 hours for a waste stream of 
normally 1800 gpm ·(3300 gpm maximum). The ash pond is 600 acres in area 
and will contain 6,700 acre ft. coal used at the plant is pulverized to 
a size passing 80 percent through a 200 mesh screen. Approximately 80 
percent of the ash is discharged as fly ash. No cooling water is 
discharged to the ash pond. The distance from inlet to outfall is about 
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one mile. The narrow water stream in the pond meanders through the 
settled ash piles. The reported flow is about 500 gpm. 

Nine out of the ten fossil-fueled steam electric powerplants operated by 
the Tennessee Valley Authority use ash ponds for both fly ash and bottom 
ash, as well as for other plant wastes such as from boiler cleaning, 
Effluent samples from these ponds have been taken quarterly over a 
period of several years. Analyses were performed and reported on 
numerous parameters including total solids, total dissolved solids and 
turbidity. Total suspended solids values can be inferred as the 
difference between total solids and total dissolved solids. Total 
suspended solids can be determined from 74 of these samples. See Table. 
A-VII-3. The minimum number of samples for any one plant is 6 and the 
maximum number is 16. ~otal suspended solids levels were 0 mg/l in 25 
samples, 10 mg/l in 24 samples, and from 20 to 270 mg/l in the remaining 
25 samples. Ninety-five percent of the samples were 70 mg/l or lower, 
The median value of the sample is 10 mg/l and the average (mean) value 
of the low 95 percent of samples is 15 mg/l total suspended solids, 
Flow rates range from 3,000 to 15,000 gpm and ash pond sizes from 35 to 
275 acres. 

Vanadium 

No information was found concerning treatment methods for the removal of 
vanadium from industrial waste waters. However, precipitation as the 
insoluble hydroxides may occur. 

Zinc 

Lime addition for pH adjustment can result in precipitation of zinc 
hydroxide~ Operational data indicate that levels below 1 mg/l zinc are 
readily obtainable with lime precipitation. The use of zinc can be 
minimized since other treatment chemicals are available to reduce 
corrosion in closed cooling-water cycle. Zinc removals have been 
reported for a range of industrial systems and, generally, treatment is 
not for zinc alone. Lime addition with hydroxide precipitation followed 
by sedimentation (except as indicated) has yielded the following 
effluent zinc levels: 

plating wastes - - - - - - - - - - - -
plating wastes - - - - - - - -
plating wastes, using 

sand filtration - - - - - - - - - - -
plating wastes - - - - - - - - - - - -
fiber manufacturing wastes - - - - - -
tableware manufacturing wastes, 

using sand filtration - - - - - - - -
fiber manufacturing wastes - - - - - -
fiber manufacturing wastes - ~ • -
metal fabrication wastes - - - - - - -

200 

0. 2-0. 5 mg/ 1 
2 mg/l 

0.6 mg/l 
less than 1 mg/l 
less than 1 mg/l 

0.02-0.23 mg/l 
0.9-1.5 mg/l 
1 mg/l 
0.5-1.2 mg/l 
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Table A-VII-3 

ASH POND EFFLUENl' TorAL SUSPENDED SOLIDS, mg/l 
386 

Plant No. 0111 0112 2120 4701 4702 4703 4704 

Flow Rate, gpm 6,-000 15,000 14,000 7,000 7,000 0,000 3,000 

Pond Size, acres 45 - 185 35 110 340 40 

Total suspended 0 0 0 0 0 0 0 
solids, mg/l 

0 0 0 0 0 0 0 

10 0 0 10 0 10 0 

20 10 10 10 10 10 0 

40 10 10 10 10 10 10 

100 10 40 10 20 20 10 

20 60 10 40 30 10 

20 60 10 70 10 

30 10 200 40 

10 

30 

40 

40 

60 

70 

370 

4705 4706 

5,ooo 15,000 

90 275 

0 0 

0 0 

0 0 

10 10 

20 10 

160 10 

20 

20 



metal fabrication wastes, using 
sand filtration - - - - - - - - - - - 0.1-0.5 mg/l 

Precipitation 

The effluent levels of metal ions attainable by combined chemical 
treatment depend upon the insolubility of metal hydroxides in the 
treated water and upon the ability to mechanically separate the 
hydroxides from the process stream. The theoretical solubilities of 
copper, nickel, chromium, zinc, silver, lead, cadmium, tellurium and 
ferric and ferrous ircn as a function of pH are shown in Figures A-VII· 
19, 20. At a pH of 9.5 the solubility of copper, zinc, chromium, nickel 
and iron is of the order of 0.1 mg/1-, or l.ess. Experimental values 
plotted in Figures A-VII-21, 22 vary somewhat from the theoretical 
values. Nevertheless, the need for fairly close pH control in order to 
avoid high concentrations of dissolved metal in the effluent is evident. 
A pH of 8.5 to 9.0 is best for minimizing the solubility of copper, 
chromium and zinc, but a pH of 10. 0 is optimum for minimizing the 
solubility of nickel and iron. To limit the solubility of all of these 
metals in a mixed solution, an intermediate pH level would be selected. 
379 

A further aspect related to solubility is the time for reaction. rigure 
A-VII-23 shows the change in solubilities of zinc, cadmium, copper and 
nickel with time for various levels of pHA 

The theoretical and experimental results do not always agree well with 
results obtained in practice. Concentrations can be obtained that are 
lower than the above experimenta 1 values, oft~ at pH values that are 
not optimum on the basis of the above considerations. Effects of co­
precipi tation and adsorption on the flocculating agents added to aid in 
settling the precipitate play a significant ·role in reducing the 
concentration of the metal ions. Dissolved solids made up of noncommon 
ions can increase the solubility of the metal hydroxides according to 
the Debye-Huckel Theory. In a treated solution from a typical 
electroplating plant, which contained 230 mg/l of sodium sulfate and 
1,060 mg/l of sodium chloride, the concentration of nickel was 1.63 
times its theoretical solubility in pure water. Therefore, salt 
concentrations up to approximately 1,000 ppm shquld not increase the 
solubility more than 10 0 percent as compared to the solubility in pure 
water. However, dissolved solids concentrations of several thousand ppm 
could have a marked effect upon the solubility of the hydroxide. 379 

When solubilizing ccm~lexing agents are present, the equilibrium con­
stant of the complexing reaction has to be taken into account in 
determining theoretical solubility with the result that the solubility 
of the metal is generally increased. complexing agents such as EDTA 
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(ethylene-diamine-tetraacetic acid) , could have serious consequences 
upon the removal of metal ions by precipitation. 379 

superposed on the situation presented above for chemical treatment for 
the removal of iron, copper, chromium and nickel could be requirements 
for removal of other teavy metals and phosphorus. Phosphorus effluents 
of 2 mg/l are achievable with or without filtration at pH 9-11 
therefore, no problem of phosphorus removal is anticipated at pH value~ 
which are optimum for the removal of iron, copper, chromium and nickel. 
Reference 380 presents minimum pH values for complete (effluent 
generally 1 mg/l), precipitation of metal ions as hydroxides as follows: 
sn+2 (pH 4. 2), Fe+3 (pH 4. 3), Al+3 (pH 5. 2), Pb+2 (pH 6. 3) , cu+2 (pH 7.2), 
zn+2(pH 8.4), Ni+Z(pH 9.3), Fe+2(9.5), cd+2(pH 9.7), Mn+2(pH 10.6). In 
the case of amphoteric metals such as aluminum and zinc, 
resolubilization will occur if the solution becomes too alkaline. 

Alkali Selection 

Several alkaline materials are available for use in chemical treatment, 
e.g. lime, hydrated lime, limestone, caustic soda, soda ash. The choice 
among these may depend on availability, cost, desired effluent quality, 
ease of handling, reactivity, or characteristics of sludge produced. A 
comparison of these materials is given in Table A-VII-4. When cost and 
effluent quality are the most important factors, lime, hydrated lime and 
limestone would be the more commonly used alkalis. 

Lime is readily available and re la ti vely simple to use. In acid (coal) 
mine drainage applications, it consistently neutralizes the acidity and 
removes the iron and other metals present in mine drainage at a 
reasonable cost, if net the least cost. For these reasons, lime is used 
in most of the estimated 300 plants that treat mine drainage. 380 The 
relative disadvantages of lime are: an increase in the hardness of the 
treated water, problems of scale (gypsum) formation on plant equipment, 
and the difficulties in dewatering or disposal of the sludge volumes 
produced. There are four basic steps in lime treatment. First, waste 
waters are neutralized by addition of slurried lime with vigorous mixing 
for 1-2 minutes. Aeration is provided for 15-30 minutes to oxidize 
ferrous iron to the ferric state. Solids separation is provided in 
either mechanical clarifiers, or large earthen settling basins. The 
treated water is discharged and the sludge is. disposed of. capital 
costs range from about $40/m3 processed/day for a 40,000 m3/day process 
to about $100/m3/day for a 2,000 m3/day process to about $1,000/m3/day 
for a 400 m3/day process for treatment of acid mine drainage. operating 
costs vary from 3 to 12 cents per 1,000 m3 (11 to 45 cents per million 
gallons) per mg/l of acidity but are generally in the range 4 to 7 (15 
to 27) cents.3 8 0 Sludge disposal costs can be as much as 50 percent of 
the total operating ccsts. 

Limestone has several advantages over other alkaline agents. 
produced settles more rapidly and occupies a smaller volume. 
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Table A-VII-4 

COMPARISON OF ALKALINE AGENTS FOR CHEMICAL TREATMENT 380 

Agent Cost, $/ unit of Caco3 equiv. 

Limestone, Rock (calcium carbonate) 8.82 

Limestone, Dust (calcium carbonate) 11.02 

Quick Lime (calcium oxide) 14.19 

Hydrated Lime (calcium hydroxide) 20.40 

Magnesite (magnesium carbonate) 23.24 

Soda Ash (sodium carbonate, SCY'fo) 42.08 

Dolomite (calcium-magnesium carbonate) 47.70 

Anunonium Hydroxide 50.14 

Caustic Soda (sodium hydroxide,SCY'fo) 67.02 



the treatment is not so sensitive t.o feed rate. Limestone is easier to 
handle than the other alkaline materials. Disadvantages center around 
its slow reactivity which requires larger detention times and larger 
treatment vessels. As a result of its disadvantages few actual 
operating systems have been installed. 

Aeration 

The oxidation of ferrous iron to ferric iron can be accomplished by 
either diffused or mechanical aeration equipment. Capital costs range 
from about $2,000 for a 100 m3 flow/day process to about $50,000 for a 
10, 000 m3 flow/day process. Operating costs will vary from 10-20 
percent of the total ~lant operating costs.3ao 

Solids Separation 

The first step in se~arating the precipitated metals is settling, which 
is very slow for gellike zinc hydroxide, but accelerated by co· 
precipitation with the hydroxides of copper and chromium. Coagulation 
can also be aided by adding metal ions such as ferric iron which forms 
ferric hydroxide and absorbs some of the other hydroxide, forming a floe 
that will settle. Ferric iron has been used for this purpose in sewage 
treatment for many years as has aluminum sulfate. Ferric chloride is 
frequently added to the clarifier of chemical waste-treatment plants in 
plating installations. Flocculation and settling are further improved 
by use of polyelectrolytes, whicp are high molecular weight pol}'mers 
containing several ionizable ions. Due to. their ionic character they 
are capable of swelling in water and adsorbing the metal hydroxide which 
they carry down during settling. 

Settlinq is accomplished in the batch process in mechanical clarifier or 
a stagnant tank, and after a time the sludge may be emptied through tlie 
bottom and the clear effluent drawn off through the side or top. The 
continuous system uses a baffled tank such that .the stream flows first 
to the bottom but rises with a decreasing vertical velocity until the 
f loc can settle in a ~actically stagnant fluid. 

Although the design of the clarif iers has been improved through many 
years of experience, no settling technique or clarifier is 100 percent 
effective; some of the floe is found in the effluent - typically 10 to 
20 mg/l. This floe could contain 2 to 10 mg/l of metal. Polishing 
filters or sand filters can be used on the · ef f 111ent following 
clarification. The general effectiveness of such filtering has not been 
ascertained. 

Sludge Disposal 

Clarifier underflow (sludge) contains typically 1 to 2 percent solids 
and can be carried to a lagoon. Run-off through porous soil to ground· 
water can be objectionable since precipitated metal hydroxides tend to 
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qet into adjacent streams or lakes. · Impervious lagoons -*·require 
evaporation into the atmosphere; however, the average annual rainfall in 
many locations balances atmospheric evaporation. Additionally, heavy 
rainfalls can fill and overflow the lagoon. Lagooning can be avoided by 
dewatering the sludge to a semi-dry or dry condition. n 

several devices are available for dewatering sludge. Rotary vacuum 
filters will concentrate sludge containing 4 to 8 percent solids to 20 
to 25 percent solids. Since the effluent concentration of solids is 
qenerally less than 4 percent, a thickening tank is generally: ·employed 
between the clarifier. and the filter. The filtrate will contain more 
than the allowed amount of suspended solids, and must, therefore, be 
sent back to the clarifier. 

Centrifuges will alsc thicken sludges to the above range of consistency 
and have the advantage of using less floor space. The .effluent contains 
at least 10 percent solids and is returhed to the clarifier. 

Pressure filters may be used. In contrast to rotary filters and 
cenirifuges, pressure filters will produce a filtrate with less than 3 
mqll of suspended solids. The filter cake contains approximately 20 to 
25 percent solids. Pressure filters are usually designed for a 
filtration rate of 2.04 to 2.44 liters/min/sq m (0.05 to 0.06 gpm/sq ft) 
of clarifier sludge. 

Solids contents from 25 to 35 percent in filter cakes can be achieved 
with semi-continuous tank filters rated at 10.19 to 13.44 liters/min/sq 
m (0.25 to 0.33 gpm/sq ft) surface. A solids content of less - than 3 
mq/l is normally accepted for direct effluent discharge. 'The units 
require minimum floor space. 

Plate and frame ~resses produce filter cakes with 40 to 50 percent dry 
solids and a filtrate with less than 5 mg/l total suspende·d solids. 
Because automation of these presses is difficult, labor costs tend to be 
hiqh. The operating costs are partially off-set by low ·i capital 
equipment costs. 

Automated tank-type pressure filters produce a cake the solids content 
of which can reach as high as 60 percent while the filtrate mayshave up 
to 5 mg/l of total suspended solids. The filtration ·'--'rate is 
approximately 2.04 liters/min/sq m (0.05 gpm/sq ft) filter surface area. 
Pressure filters can also be used directly for neutralized wastes 
containing fran 300 to 500 mg/l suspended solids at design rates of 4.88 
to 6.52 liters/min/sq m (0.12 to 0.16 gpm/sq ft) and still maintain a 
low solids cootent in the filtrate. Filter cakes can easily be 
collectf!d in solid waste containers and hauled to land fills. 

Several companies have developed.proprietary chemical fixation'processes 
which are being used to solidify sludges prior to land diilposal • In 
contrast to filtration, the amount of dried sludge to be• hauled is 
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increased. Claims are that the process produces insoluble metal ions so 
that in leaching tests only a fraction of a part per million is found in 
solution. However, much information is lacking on the long term 
behavior of the "fixed" product, and potential leachate problems which 
might arise. The leachate test data and historical information to date 
indicate that the process has been successfully applied in the disposal 
of polyvalent metal icns and it apparently does have advantages in 
producing easier to handle materials and in eliminating free water. 
Utilization of the chemical fixation process is felt to be an 
improvement over many of the environmentally unacceptable disposal 
methods now in common usage by industry. Nevertheless, chemically fixed 
wastes should be regarded as easier-to-handle equivalents of the raw 
wastes and the same precautions and requirements required for proper 
landfilling of raw waste sludges should be applied. 

Evaporation Processes 

Basic processes, in addition to evaporation ponds, include multi-stage 
flash evaporation, multi-ef feqt long-tube (vertical) evaporation, and 
vapor compression evaporation. The multi-stage flash evaporation 
process has been considered potentially applicable to the production of 
potable water from acid mine drainage.3ao Major problems which have 
confronted this process are calcium sulfite scaling and brine deposit. 
The product water at 50 mg/l TDS is suitable for recycle to almost all 
water uses in steam electric powerplants. 

Evaporation ponds are in use at a number of steam electric powerplants 
to reduce waste streams to dryness. Plant No. 4883 uses 101,000 sq ft 
of lined evaporation fond to evaporate a maximum flow of 43,000 gal/day 
of waste water (with treatment, boiler blowdown) to dryness. Configured 
systems are being installed at three steam electric powerplants {plant 
nos. 0413, 3517 and 4907). The configured systems use brine 
concentrators which recycle the distillate to the demineralizer system 
or to the cooling tower. All process 156 gpm of cooling tower blowdown. 
However, water treatment wastes, etc., are combined with the 
recirculation cooling water. The plants involved are designed to 
achieve no discharge of pollutants through recycle of waste water 
streams. Therefore, the concentrated brine ultimately contains all 
plant wastes. The costs of the uni ts are approximately $2-4/kW with 
about 18 months required for installation. The application of 
evaporative brine concentrators to low-volume waste stream effluents 
after chemical treatment is not known to have been achieved. Th~refore, 
some technical risks may be involved in applying this tec~ology 
directly to low-volume waste water of pcwerplants. 

Other Processes 
~------

Membrane processes are capable of acceptably 
concentration. However, flux-rate reduction 
concentration, and membrane fouling are problems 
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satisfactorily overcome. Insufficient information is available to judge 
the performance, reliability, costs of membrane electrodialysis, ion 
exchange, freezing, electrochemical oxidation (of ferrous iron), ozone 
oxidization or any other process for the· treatment of steam electric 
powerplant waste waters. 

PCMerpl2nt !l2stewater Treatmfillt._~ystems 

Previous sections of this report have discussed the significant 
parameters of chemical pollution present in various waste streams and 
the control and treatment technology available to reduce these 
parameters to.acceptable limits. It would generally not be practicable 
for powerplants to provide separate treatment facilities for each of the 
waste streams described. However, segregation and treatment of boiler 
cleaning waste water and ion exchange water treatment waste water is 
practiced in/a relatively few stations, but is potentially practicable 
for all stations. Cily waste waters are segregated from nonoily waste 
streams at some stations and the oil and grease removed by gravity 
separators and/or flotation units. Combined treatment of waste water 
streams is practiced in numerous plants. However, in most cases 
treatment is accomplished only to extent that self-neutralization, 
coprecipitation and sedimentation occur because of the joining and 
detention of the waste water streams. Chemicals are added during 
combined treatment at some plants for pH control. Most of these 
stations employ lagoons, or ash ponds, while a· few·plants employ 
configured settling tanks. It would be generally practicable, from the 
standpoint of costs versus effluent reduction benefits, for powerplants 
to treat separately the low-volume waste streams, certain 
intermediate-volume waste streams, the high-volume waste streams, and 
the waste stream caused by rainfall runoff. 

The major problem in providing a central treatment facility is the 
variability of the flow characteristics of the waste streams generated 
in a powerplant. As ~reviously indicated, some of the flows are either 
continuous or daily batch discharges, while others onl.y occur a few 
times per year and others depend on meteorological conditions. The 
provision of adequate storage to retain the maximum anticipated .single 
batch discharge is therefore a critica.l aspect of the design of a 
centralized treatment facility. For purposes of this report it has been 
assumed that sufficient storage would be provided to store the largest 
batch discharge, which in most plants would be the boiler cleaning 
waste, and deliver it to the treatment units at an essentially uniform 
rate. 

A small, highly efficient central treatment facility would be primarily 
designed to handle lo~ volume wastes with relatively high concentrations 
of heavy metals, sus~ended solids, acidity, alkalinity, etc. The 
addition of intermediate-volume wastes such as cooling tower blowdown 
and nonrecirculating ash sluice water to this facility would require a 
significantly more ccstly investment and would not with the same 
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practices be able to affect as high a degree of effluent reduction 
(pounds} due to the dilution factors involved. The capital investment 
required for inclusion of cooling tower blowdown in the central facility 
may be significant. ~he benefit derived from including this stream in 
terms of suspended solids removal is questionable when compared to the 
added cost involved. cooling tower blowdown and nonrecirculating ash 
sluice water was not considered in developnent of the model treatment 
facility because the characteristics of these streams are not 
necessarily compatible with the treatment objectives of the central 
facility. cooling tower blowdown generally can be characterized by a 
relatively high concentration of the total dissolved solids present in 
the water source and a somewhat lower concentration of the suspended 
solids present in the water source. In addition, tower blowdown 
generally contains small concentrations of chlorine and other additives 
from the closed cooling system. The objective of directing cooling 
tower blowdown to a central treatment facility would most likely be for 
the removal of suspended solids. However, in general treatment for 
removal of suspended solids prior to the use of water as make up to a 
cooling tower would be practiced if the suspended solids level is at all 
significant. In any event, some concentration of the suspended solids 
level will occur in the tower due to evaporation and, in some cases, due 
to contact with airborne particulates. However, the cooling tower basin 
also acts as a settling basin to some degree, so that suspended solids 
in many cases will settle out in the cooling tower basin. In any case, 
the objective of suspended solids removal from these intermediate-volume 
waste streams can best be achieved by the commonly employed practice of 
using sedimentation lagoons. In some cases in both fossil-fueled {plant 
no. 2119) and nuclear plants (plant no. 3905) cooling tower blowdown is 
combined with low volume wastes in the sedimentation pond. Better 
results can be obtained by segregation of these low-volume and 
intermediate-volume ~aste streams. In plant no. 3905 the pond is 
designed for 24 hours detention and is divided by a dike to provide 
settled solids accumulation in the forepond to facilitate removal, and 
further to prevent short-channeling of waste water flows. Segregation 
could have been provided at an incremental cost for the additional 
piping required. Where sufficient land is not available for effective 
ash ponds and/or where no discharge of heavy metals, etc., would be 
required, closed-loop recirculating systems can be employed which 
require much less available land. Recirculating ash sluicing systems of 
this type are capaLle of achieving no discharge of ash in waste water 
effluents. An example of such a system is the upgraded waste treatment 
facility now operating at plant No. 3630. In this system, bottom ash is 
sluiced from the ash hoppers and collected in the hydrobins. The 
sluicing water is recirculated back to the hoppers thus making a closed 
loop system. 
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wastewater Managemen! 

Because of the varied uses that are made of water in a powerplant and 
the wide range of water quality required for those uses, powerplants 
present unusual opportunities for wastewater management and water reuse. 
The highest water quality requirements are for the boiler feedwater 
supply. Makeup to this system must be demineralized to TDS 
concentrations of the order of 50 mg/l for intermediate pressure plants 
and 2 mg/l for high pressure plants. Boiler blowdown is generally of 
higher purity than the original source of supply, and can be recycled 
for any other use in the plant, including makeup to the demineralizers. 
In plants using closed cooling water systems, the blowdown from the 
cooling system is of the same chemical quality as the water circulating 
iri the condenser cooling system. Limits on the water quality .in that 
system is governed by the need to remain below concentrations at which 
scale forms in the condenser. However, if calcium is the limiting 
component, the introduction of a softening step in the blowdown stream 
would restore the waste to a quality suitable for reuse. Even without 
softening, the blowdown from the condenser cooling water system ·is 
suitable for makeup to the ash sluicing system, or for plants using 
alkaline scrubbers for control of sulfur dioxide in stack gases, as 
aakeup to that system. Plants located adjacent to mines (mine-mouth 
plants) often have additional requirements for low quality water for ore 
processing at the mine. 

With these cascading water uses it is frequently possible to devise 
water management systems in which there is no effluent as such from the 
powerplant. These plants still have significant overall water 
requirements, but the water is used consumptively for evaporation and 
drift in cooling towers, for sulfur dioxide removal, or for ash handling 
and ore preparation. Figures A•VII-24, 25 show flow diagrams, taken 
from Reference 378, for a typical 600-Mw coal-fired plant, with and 
without waste water management to achieve no discharge of pollutants. 
An eq\lalization basin is usually provided for temporary large waste 
discharges such as result from cleaning operations, but even these 
wastes can be reintroduced into the system at a later time. Several 
•exemplary• plants visited during this study were using water management 
schemes of this type without economic penalties. Water management may 
be the most economical mode for operating a powerplant in a water short 
area. There can be no doubt that the concept of no discharge of 
pollutant is feasible for many steam electric po-werplants. A number of 
plants within the industry currently practice recycle and reuse in 
varying degrees and in a number of different ways. several plants 
constructed within the last few years were designed for minimal or no 
discharge. see Figure A-VII-26. 

Plant No. 3206 was intended to be a no discharge facility and is 
achieving that goal although some operating problems have been 
encountered. The plant receives slurried coal by pipeline and after 
dewatering reuses the water in its service system. Makeup to the 
cooling towers is softened to obtain 16-17 concentrations in the system 
and therby minimize blowdown. Ash sluicing water is also recycled and 
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blowdown from this system along with o~her blowdown streams are sent to 
evaporation ponds for final disposal. 

Plant No. 5305 is a mine-mouth facility which also was designed to 
produce no discharge other than that resulting from coal pile drainage 
and the effluent from the sewage treatment plant. Discharges from plant 
operations, including cooling tower blowdown, water treatment wastes, 
boiler blowdown, f lcor drains and blowdown from a closed ash sluicing 
system are collected in effluent storage ponds. Makeup to the ash 
sluicing operation is taken from these ponds, but the major portion of 
the water is transported to the mine and coal preparation plant. The 
plant is an excellent example of cascading water reuse to usages 
requiring successively lower water quality. A large amount of the water 
withdrawn from the river is lost through evaporation in the cooling 
towers. The remainder is either ultimately tied up with· filter cake at 
the coal preparation ~lant or disposed of with wet ash. Both the filter 
cake and the ash are returned to the mine for use as fill. 

Plant No. 0801 utilizes a series of ponds to achieve intermittent 
controlled discharge for use in irrigation. The ponds provide the water 
required for condenser cooling, boiler feed, flue gas scrubbing and ash 
sluicing. Ash sluice, toiler blowdown and scrubber wash water are 
discharged to two alternately used ash ponds. overflow from these ponds 
and condenser cooling water are discharged to a series of three ponds or 
lakes. The third in the series of ponds serves as the water source, 
thus providing a completely closed system. 

several generating stations are utilizing closed-loop recirculating 
systems for ash sluicing operations. Systems of this type are capable 
of achieving no discharge of as in wastewater effluents. Examples of 
such systems include plants 3630 (a retrofit) and 3626 •• Both of these 
installations collect sluiced bottom ash in hydrobins, and recirculate 
the water back to the ash hoppers for sluicing. This type of system is 
particularly suited to plants where sufficient land is not available for 
effective ash ponds. Plant No. 4846 also utilizes a closed-loop ash 
sluicing system, but employs an ash pond with discharge from the pond 
being pumped back to the plant. 

Plant No. 3630 has a retrofit system for achieving no discharge of 
pollutants from bottom ash sluicing, boiler cleaning wastes, floor 
drainage, boiler blcwdown, evaporator blowdown, and demineralizer 
wastes. This is achieved through the re-use of neutralized 
demineralizer waste water, boiler cleaning effluents, floor drainage, 
boiler blowdown, and evaporation blowdown in the ash sluicing operation. 
Ultimate blowdown is achieved through the moisture content (15-20 

......... percent) of the bottom ash discharged to trucks for off-site use. Fly 
ash, handled dry, is also trucked to off-site uses. The plant capacity 
is 600 Mw and operates in the base-load mode. The bottom ash recycle 
and handling system occupie_s a space approximately 200 ft square. The 
entire system cost about $2 million including equipment, foundations, 
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re-piping, pumps, and instrumentation and took approximately ~wo years 
to install including engineering, purchasing, delivery, and 
installation. The same plant retrofit a system for collecting and 
filtering coal-pile drainage and road and building drainage. The coal 
pile trench is designed to handle drainage from a "once-in-30-yearsu 
rainfall (3.9 inches). The filtering pond is 100 ft in diameter and the 
filter bed is sand. Tra~h from the bar screens of the intake is buried 
on-site. The demineralizer neutralization system eost about $80,000, 
the boiler cleaning effluent tanks about $100,000, re-piping about 
$250,000, and the intake screen washing system about $35,000. 

other plants employ various recycle and reuse techniques depending upon 
their water needs, environmental effects, plant layout, etc. Plants 
2119 and 4217 utilize cooling tower blowdown as makeup to the ash 
sluicing system. Plant No. 3713 discharges treated chemical wastes from 
the ash pond into the intake to the condenser cooling water stream. 
Plant No. 4216 utilizes a closed-loop wet scrubbing device for air 
pollution control, and plant 2512 sluices fly ash from an electrostatic 
precipitator to a pond and reuses the water in the sluicing system. 

A number of plants, including Nos. 2512, 2525, 3601A, and 4217 utilize 
central treatment facilities or ponds to treat chemical type wastes to 
acceptable levels for discharge. The effluents produced could be 
reused, but the availability of an adequate, cheap water supply has not 
made this necessary in these instances. 

Recycling in nuclear plants and plants with no ash.sluicing will depend 
primarily upon treatment of cooling tower blowdown and re-use of the 
blowdown as make up to the tower. The wastes resulting from water 
treatment could be recycled to the influent of the water treatment 
plant. Blowdown from these internal recycling schemes would be treated 
by desalination techniques to remove total dissolved solids, and as a 
result, water produced by this treatment could also be recycled. In 
plants where a water surplus would occur, the intent would be complete 
treatment for removal of all pollutants and discharge of clean water to 
the receiving stream. This interpretation of "no discharge" is meant to 
be no discharge of pollutants, rather than no discharge of any liquid 
stream. Generally, however, it is anticipated that even nuclear plants 
and plants with no ash sluicing will not have a water surplus, but will 
require makeup to the various internal recycling schemes. 

In any case the degree of practicability of recycle and re-use systems 
would be favored in cases where; a) Tower construction is corrosion 
resistant to water high in TDS, sulfates and chlorides. b) Piping 
systems and equipment are lined or resistant to corrosion. c) condenser 
leakage affecting feedwater quality for sustained power operation is 
minimized or compensated for. d) Sludge handling a.pd disposal 
facilities are adequately designed and available. e) Designs for tower 
operation at a high nu~her of cycles of concentration could be feasible 
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if windage and Brift losses are minimized to eliminate heavy carryover 
of solids to the surrounding areas. 

In summary, the concept of recyle or re-use is not new to the steam 
electric powerplant industry. Many plants utilize a variety of recycle 
schemes to satisfy particular needs, and these systems have the 
potential for broad application in the industry to meet effluent 
limitation guidelines. 

summary 

Table A-VIII-5 provides a summary of the control and treatment 
technology for the various waste streams. The table includes the 
effluent reduction achievable with each alternative, the usage in the 
steam electric powerplant industry and approximately capital and 
operating costs. Table A-VIII-6 summarizes flow data for chemical 
wastes, indicating the range of values from reported data and typical 
flows or volumes for each chemical ·waste stream. 

The~ costs of the application of various control and treatment 
technologies in relation to the effluent reduction benefits to be 
achieved are given in Table A-VII-7 for large volume waste streams, 
Table A-VII-8 for intermediate volume waste streams, Table A-VII-9 for 
low volume waste streams, and Table A-VII-10 for rainfall waste streams. 
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Control and/or 
Treatment 

Pollutant Parameter Technology 
Common: 

pH 

DissGlved Solids 

Suspended Solids 

Specific: 

Neutralization 
with chemicals 

1. Concentration and 
evaporation 

2. Reverse Osmosis 

3. Distillation 

1. Sedimentation 

2. Chemical Coagulation 
and Precipitation 

3. Filtration 

1. Chemical coagulation Phosphate 

(Slowdown,Chemical 
Cleaning, Floor & 
Yard Drains, Plant 
Laboratory & Sampling) 

and Precipitation 

2. Deep Well Disposal 

Iran l. Oxidation, chemical 
(Water Treatment, coagulation & 
Chemical Cleaning precipitation 
Coal Ash Handling, 
coal Pile Drainage) 2. Deep Well Disposal 

Copper 
(Once-through 
Condenser Cooling) 

1. Replace condenser 
tubes with stain­
less steel or 
Titanium. 

TABLE A-VII-5 

CHEMICAL WASTES 
CONTROL & TREATMENr TECHNOIDGY 

Effluent 
Reduction 
Achievable 

Industry 
Usage Capital 

Costs 
Operating 

Neutral pH Common $10-20, 000 (tanks, 
feeder , etc . ) 

$3-30,000 (Chemicals, 
labor , etc • ) 

Complete Removal Not generally $250,000-$1,660,000 $150,000-$450,000 

50-95% 

60-90% 

90-95% 

95-99% 

95% 

in use De-
salinization 
technology 

Not in use 
Desalinization 
technolog . 
Not in use 
Desalinization 
technolo 
Extensive 

Moderate 

Not generally 

from Table A-VIII-5; from Table A-VIII-6; 
costs are signifi~ costs are significantly 
cantly less in areas less in areas where 
where evaporation evaporation ponds are 
ponds are feasible. feasible. 

50-80 ¢/1000 gal. 
total cost. 

80-150 ¢/1000 gal. 
total cost. 

$1000-$20,000 
MW 

based on 500 gpd/MW 

$10,000-$35,000 
MW 

based on 500 gpd MW 

1-20¢/1000 gallons 

1-20¢/1000 gallons 

$7 ,ooo-·$30,000 1-20¢/1000 gallons 
practiced-water MW 
treatment based on 500 gpd /MW 
technolog . 

Not generally 
practiced-water 
treatment 
technology. 

$10,000-$35,000 
MW 

based on 500 gpd /MW 

1-20¢/1000 gallons 

Ultimate Disposal Not practiced Costs extremely variable-dependent 

primarily on jeologic conditions. 
Removal to 

0.1 mg/l 
Limited usage $150-4,000xlO 10-100¢/1000 gal. 

-----------------As described above----------------------------------------

Elimination of 
discharge. 

Done in several Prohibitively 
plants where tubes expensive-would 
have erroded or 
corroded-not done 
for environmental 
reasons. 

not be done except 
where retubing is 
required for process 
reasons. 

No incremental 
operating cost. 

Copper 1. Chemical Coagulation Removal to Limited usage $100-$9,000/1000 
gpd capacity 

10-350¢/1000 gal. 
(Slowdown, Chemical 
Cleaning) 

and Precipitation 

2. Ion Exchange 

3. Deep Well Disposal 

Mercury 1. Reduction & Precip-
(Coal -Ash Handling itation 
& Coal Pile Drainage) 

Vanadium 
(Chemical Cleaning) 

vanadium 
(Oil Ash Handling) 

2. Ion Exchange 

3. Adsorption 

1. H S Treatment & 

P~ecipitation 
2. Ion Exchange 

1. Convert to Dry 
Collection 

2. Total Recycle with 
Slowdown & Pre­
cipitation 

0.1 mg/l 

Removal to 
0.1 mg/l 

Not Practiced $400-$1200 /1000 
gpd capacity 

31-81¢/1000 gal. 

-----------------As described above-----------------------------------------

Removal to 
0.3 mg/l 

Removal to 
0.1 mg/l 

Removal to 
so pg/l 

Remova 1 of low 
concentrations 
difficult to 
achieve 
Ultimate 
Disposal 

Limited usage 

Not practiced 

Not practiced 

Not practiced 

Not practiced 

Practiced in 
several plants 

Complete recycle Not generally 
of liquid practiced 
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$700/1000 gpd 7 ¢-27 ¢/1000 gal. 

$18,000-$22,000/ $1/1000 gal. 
1000 gpd 

$5000-$50,000/ $0.50-$2/lb. 
1000 qpd mercury removed 
cost Data Not Available 

cost Data Not Available 

Cost Data Not Available 

Cost Data Not Available 



Table A-VII-5 
CHEMICAL WASTES 

CONTROL & TREATMENT TECHNOLOGY (continued) 

Control and/or 
Treatment 

Pollutant Parameter Technology 

Effluent 
Reduction 
Achievable 

Chlorine 
(Once-through Con­
denser Cooling) 

1. Control of Residual Control to 
Cl2 with automatic 0.2 mg/l 
instrumentation 

Industry 
usage 

Limited usage in 
the industry­
Technology from 
sewage treatment 

Costs 
Capital 

$5,000 

Operating 

Negligible' 

2. Utilize mechanical Eliminates practiced in some No Cost Data Available 
cleaning c1

2 
discharge plants-a 11 systems 

l. Control of Residual 

are not capable of 
being converted to 
mechanical cleaning. 

Chlorine 
(Recirculating) Cl2 with automatic ---------------As described above-----------------------------------------­

instrumentation 

2. 

Aluminum/Zinc l. 
(Water Treatment, 
Chemical Cleaning, 
eoal Ash Handling, 2. 
Coal Pile Drainage) 

Reduction of c1
2 

with sodium 
bisulfite 

Chemical Precip-
itation 

Ion Exchange 

Below detect­
able limits 

Removal to 
1.0 mg/l 

Similar to 
Copper 

Being installed in 
a new nuclear 
facility;however 
excess NaHSO is 
dischar ed. 

3 

Limited usage 

No Cost Data Available 

$500-$3000/1000 gpd 10-180¢/1000 gal. 

3. Deep Well Disposal --------As described above---------------------------------------------------
Oil 1. Oil-water Separator Removal to Common usage $1,500-$15,000 No data 

(Chemical Cleaning, (Sedimentation 15 mg/l based on 500 gal/MW 
Ash Ha.ndl ing, Floor with skimming) 25-400 MW range 
& Yard Drains) 

2. Air Flotation 

Phenols 1. Biological 
(A~h Handling, Coal Treatment 
Pile Drainage, Floor 
& Yard Drains) 2. Ozone Treatment 

Sulfate/Sulfite 
(Water Treatment, 
Chemical Cleaning, 
Ash Handling, coal 
Pile Drainage, S0

2 
Removal) 

Ammonia 
(Water Treatment, 
Slowdown, Chemical 
Cleaning, Closed 

3. Activated Carbon 

Ion Exchange(Sulfate) 
Oxidation & Ion 
Exchange (Sulfite) 

1. Stripping 

Cooling water Systems) 

Oxidizing Agents 
(Chemical Cleaning) 

BOD/COD 
(Sanitar wastes) 

2. Biological 
Nitrification 

3. Ion Exchange 
Neutralization with 
reducing agent and 
precipitation where 
necessar . 
Biological Treatment 

COD(Water Treatment,!. Chemical Oxidation 
Chemical Cleaning) 

2. Aeration 

Removal to 
10 mg/l 

Removal to 
1 mg/l 

Removal to 
< o .01 mg/l 

Removal to 
.( 0.01 mg/l 
75-95, 

50-90, 

Removal to 
2 mg/l 

80-95, 
Neutral pH & 
) 95' removal 

85-95\ 

85-95\ 

85-95\ 

3. Biological Treat. 85-95\ 
·Fluoride 
(Chemical Cleaning) 

Chemical Precipitation Removal to 
1 mg/l 

Boron Ion Exchange Removal to 
1 mg/l (Low Level Radwastes) 
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Limited usage $5,000-$50,000 No data 

Not practiced $150-$2800/1000 gpd 22¢/1000 gal. 

in the industry. 

Not practiced No data No data 
in the industry. 

Not practiced $50-$350/1000 gpd 4¢-15¢/1000 gal. 
in the industry. 
Not practiced Total cost of $2.00/1000 gal. 
in the industry. 

Not practicedr Total cost 3¢/1000 gal. 
several installa-
tions in sewage 
treatment 

Not practiced for No Data Available 
these waste·streams 

Not practiced Total cost - 10¢/1000 gal. 
Limited usage No Data Available 

Common practice $25,000-$35,000 Negligible 

Limited usage NO 

Not practiced No 

Not practiced No 
Limited usage Total cost 

Not generally 
practiced-radio­
act'ive material would 
concentrate on ion 
exchange resin requir­
ing inclusion in solid 
radwaste disposal 
system, 

No 

Data Available 

Data Available 

oata Available 
- 10-50¢/1000 gal. 

oata Available 



TABLE A-VII- 6 

FLOW RATES-CHEMICAL WASTES 

Reported Data 
Waste Stream Waste Flow or Volume Frequency 

Typical 
Flow or Volume Basis Remarks 

Condenser Cooling Water 
Once-Through 

Recirculating 20-7200 x 103 GPO 

Water Treatment 
Clarification 
Softening 
Ion Exchange 

Evaporator 

Boiler Blowdown 

Chemical Cleaning 
Boiler Tubes 

Boiler Fireside 

Air Preheater 
Misc. Small Equip. 
Stack 
Cooling Tower Basin 

Ash Handling 

Drainage 
Coal pile 

Floor & Yard Drains 

Air Pollution Control 
Devices 

Misc. Waste Streams 
Sanitary Wastes 

No Discharge 
No Discharge3 1-533,00 x 10 GPO 

0.1-1060 x 10 3 GPO 

0.05-1120 x 10 3 GPO 

3-5 Boiler Volumes 

24-720 x 103 GAL. 

43-600 x 10 3 GAL. 
No reported data 
No reported data 
No reported data 

5-32,000 x 10 3 GPO 

17-27 x 106 GAL/YR. 

No reported data 

No Discharge 

No reported data 

Plant Laboratory and No reported data 
Sampling 

Intake Screen Backwash No reported data 

Closed Cooling Systems No reported data 

Low Level Rad Wastes No reported data 

Construction Activity No reported data 

500-1500 GPM/MW Flow reported in FPC 
Form 67. 

Varies from Q,3% to 4% of 
curculating wa,ter flow. 

Blowdown- depends on water 
quality and varies from 
2-20 concentrations. 

52-365 
cycles/yr. 

300-365 
cycles/yr. 

25-365 
cycles/yr. 

once/7 mos.- 1 boiler vol.per 
once/100 mos. 1-2 hrs.-Boiler 

2-8/yr. 

4-12/yr. 

Dependent 
on rainfall 
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draindown time. 
300,000 GAL. 

200,000 GAL. 

25-35 gal/capita/ 
day 

5 gal./day 

Frequency-once 
per 24-30 mos. 

5/yr. 

6-12/yr. 

Reported data 
based on 43-60 
inches of rain 
year. 

Personnel: 

Extremely variable­
depending on raw water 
quality. 
Extremely variable­
depending on raw water 
quality. 

Flow reported in FPC 
Form 67. 

Cleaned infrequently 
Cleaned infrequently 

Overflow from ash J:Juu~s 
reported in FPC Form 6 7. 

Flow dependent upon 
frequency, duration and 
intensity of rainfall 

Flow dependent upon fre­
quency & duration of 
cleaning and stormwater 
runoff. 

operators-1 per 20-40 MW 
maintenance-1 per 10-15 MW 
administrative-1 per 15-25 MW 

Nominal, variable flow 

Guideline requires col­
lection & removal of 
debris-flow data not 
significant. 

Flow extremely vari­
able depending on treat­
ment techniques, leakage, 
etc. 

Flow depends primarily 
on rainfall. 
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Tabl.e A-VII-7 
COSTS/EFFLUENT REDUCTION BENEFITS 

CONTROL AND TREATMENT TECHNOLOGY FOR POLLtJrANTS orHER THAN HEAT 
HIGH VOLUME WASTE STREAMS-

Waste Stream: Nonrecirculating main condenser cooling water 

Pollutant / Technology 

Chlorine-free available 

Uncontrolled addition(S) 
Controlled addition(S) less than 
Shutdown mechanical cleaning(S) 
On-line mechanical cleaning ts) 

Chemical addition treatment*(N) 
Alternative biocide use*(N) 

Copper 
Present system(C) 
Alternative condenser 
tuba material(S)* 

One-stage chemical treatment(N) 

C = commonly employed 

Cost / Effluent Reduction Benefit, 

[mill/KWH] I [mg/~]effluent concentration 

Base 
0.01/2 
0.01/approaching 0 
O;Ol/approaching 0 

for existing units 
less·than 0.01/approaching 0 

for new units 
Prohibitive 

Unknown 

Base 
Prohibitive for existing 

units 
0.01/0 ·for new units 
Prohibitive 

Meaning of 
Symbols CT = currently transferrable 

PT = potentially transferrable 

N = net known to be practiced 
s = som~ usage 
* = may substitute one pollutant 

for· another 



Table A-VII-8 
COSTS/EFFLUENT REDUCTION BENEFrTS 

CONTROL AND TREATMENT TECHNOLOGY FOR POLLllrANTS GrHER THAN HEAT 
-INTERMEDIATE VOLUME WASTE STREAMS-

Waste Streams: Blowdown from recirculating main condenser cooling water systems 
Nonrecirculating ash sluicing water 
Nonrecirculating wet-scrubber air pollution control systems 
Nonrecirculating house service water 

Pollutant I Technology 

Chlorine-free available 
Uncontrolled addition(S) 
Controlled addition(S) 
Shutdown mechanical cleaning(S) 

, On-line mechanical cleaning(S) 
> 

Chemical additioa treatment*(S) 
Alternative biocide use*(N) 

Copper -total 
Present system(C) 
Alternative condenser 
tube material(S)* 

One-stage chemical treatment(N) 
Chemical Additives 

Uncontrolled addition(S) 
Controlled addition.(S) 
Chemical substitution*(S) 
Design for corrosion protection(C) 

Mercury-total 
Present system(C) 
One-stage chemical treatment(CT) 
Fuel substitution(N) 

Oil and Grease 
Present system(C) 
One-stage separation(S) 
Two-stage separation(CT) 

Total Phosphorus (as P) 
Present system (S) 
One-stage chemical treatment(CT) 
Chemical treatment 
with filtration(CT) 
Chemical substitution (PT) 

pH Value 
Present system(C) 
Coneutralization(C) 
Chemical addition (6) 

Total Suspended Solids 
Present system(C) 
Conventional solids separation(C) 
Fine solids separation(CT) 
Dry ash handling system(S) 

Total Dissolved Solids 
Present system(N) 
Brine concentration(CT) 

.!;:hrol]J.i u.a-total 
· '~~resent system (S) 

Chemical treatment (CT) 
Chemical substitution (PT) 

Zinc-total 
Present system (S) 
Chemical treatment (CT) 
Chemical substitution (PT) 

Meaning of 
Symbols 

c 
CT 
PT 

commonly employed 
currently transferrable 
potentially transferrable 
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Cost / Effluent Reduction Benefit, 
[mill/KWH] I [mg/l]effluent concentration 

Base 
less than 0.01/2 

0.01/approaching 0 
0.01/approaching 0 

for existing units 
less than 0.01/approaching 0 

for new units 
0.01/approaching 0 
Unknown 

Base 
Prohibitive 

for existing units 
0.01/0 for new units 
0.03/l 

Base 
Better than base 

Unknown 
Costly for existing 

closed c:O<itling 
systems 

less than 0.01/approaching 0 
for new systems 

Base 
Unknown/0.3 

Unknown 

Base 
0.01/10 
0.02/8 

Base 
0.03/5 

0.05/less than 5 
Unknown 

Base 
less than 0.01 
less than 0.01 

Base 
0.01/15 

Prohibitive 
o.cil/sign. red. 

Base 
Prohibitive 

Base 
($1/1000 gal)/0.2 

Unknown 

Base 
0.05/l 

Unknown 

N not known to be practiced 
S - some usage 
* may substitute one pollutant 

for another 



Table A-VII-9 
COSTS/EFFLUENT REDUCTION BENEFITS 

CONTROL AND TREATMENT TECHNOLOGY FOR POLL\JrANTS DrHER THAN HEAT 
-LOW VOLUME WASTE STREAMS-

Waste Streams: Blowdown from recirculating ash-sluicing systems 
Blowdown form recirculating wet-scrubber air 

pollution contro~ systems 
Boiler blowdown 
Cooling tower basin cleanings 
Floor drainage 
Intake screen backwash 
Laboratory and sampling streams 
Low-level radwastes* 
Miscellaneous equipment cleaning 
- Air preheater 
- Boiler fireside 
- Boiler tubes 
- Small equipment 
- Stack, etc. 
sanitary system 
Service and small cooling water systems blowdown, etc. 
Water treatment 

Technology I Pollutant Cost I Effluent Reduction Benefit, 
[mill/I<WH] , [mg/l] effluent concentration 

Present System(C) 

One-Stage Chemical Treatment(S) 

Copper-total 
Iron-total 
Heavy metals in general 
Oil and grease 
pH value 
·Total SusrE>ndet'I. So!ido 
Numerous misc. parameters 

Two-Stage Chemical Treatment(CT) 

Chromium-total 
Copper-total 
Iron-total 
Heavy metals in general 
Oil and grease 
pH value 
Total suspended solids 
Numerous misc. parameters 

Brine Concentration and Recycle(PT) 

All parameters 

Biological Treatment(C) 

BOD, etc. 

Meaning of C 
Symbols CT 

PT 

commonly employed 
currently transferrable 
potentially transferrable 
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Base 

0.05 mill/KWH 

10 mg/l 
10 mg/l 
10 mg/l 
10 mq/~. 

€.O to 9.0 
15 mg/l 

sigr.ificant reductions 

O.l mill/KWH 

0.2 mg/l 
1 mg/l 
1 mg/l 
1 mg/l 

< 10 mg/l 
6.0 to 9.0 

15 mg/l 
significant reductions 

0.5 mill/I<WH 

no discharge 

0.01 mill/I<WH 

municipal stds. 

N not known to be practiced 
S some usage 
* = no applicable technology due to 

possible radiation hazards 
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Table A-VII-10 
COSTS/EFFLUENT REDUCTION BENEFITS 

CONTROL AND TREATMENT TECHNOLOGY FOR POLLurANTS arHER THAN HEAT 
-RAINFALL RUNOFF WASTE STREAMS-

Waste Streams: Coal-pile drainage 
Yard and roof drainage 
Construction activities 

Technology I Pollutant 

Present System{C) 

Conventional Solids Separation(S) 

Oil and grease 
pH value 
Total suspended solids 

One-Stage Chemical Treatment of 
First 15 Minutes Runoff {CT) 

Oil and grease 
pH value 
Total suspended solids 
Numerous misc. parameters 

One-Stage Chemical Treatment of 
Entire Runoff (N) 

Two-Stage Chemical T~eatment{N) 

C = commonly employed 

Cost / Effluent Reduction Benefit, 

[mill/KWH] ' [mg/l]effluent concentr~tion 

Base 

0.01 mill/KWH 

no reduction 
no change 

15 mg/l 

0.01 mill/KWH 

unknown 

unknown 

10 mg/l 
6.0 to 9.0 

15 mg/l 
significant reductions 

Meaning of 
Symbols er = currently transf errable 

PT = potentiall~ transferrable 

N = not known to be practiced 
S = some usage 



PART A 

CHEMICAL WASTES 

SECTION VIII 

COST, ENERGY AND NON-WATER QUALITY ASPECTS 

Introduction - -
This section discusses cost estimates for the control and treatment 
technology discussed in the previous section, energy requirements for 
this treatment technology and non-water quality related aspects of this 
technology such as recovery of byproducts, ultimate disposal of brines 
and sludges, and effects on the overall energy situation. 

The estimates contained herein assume ample availability of land. It is 
recognized that powerplants located in highly developed urban areas may 
incur costs several times in excess of those shown. Other assumptions 
include no unusual foundation or site preparation problems. Estimates 
do not consider regional differences in construction costs. 

Although powerplants produce many different wastewater streams with 
different pollutants and different flow characteristics, the most 
feasible concept of treatment consists of the ~ombination of all 
compatible wastewater streams, with equalization or holding tanks to 
equalize the flow through the treatment units. Figure A-VIII-1 shows a 
typical flow diagram for a possible central treatment plant for chemical 
wastes. Two equali7.ation basins provide separate storage for oily and 
oil-free wastes. The main treatment unit is a clarifier; lime is added 
to raise the pH to a level at which most of the metallic ions are 
precipitated. A flocculant is added to assist in the precipitation. 

wastewater treatment facilities for treating chemical wastes therefore 
consist essentially of a series of tanks and pumps, and interconnecting 
piping: special equipnent such as pressure filters, vacuum filters, 
centrifuges, or incinerators as may be required. Tanks serve for 
several purposes, as equalization tanks to pellrlit the following units to 
operate under constant flow conditions, as neutralization tanks to 
adjust acidity or alkalinity, or as coagulation and precipitation tanks 
to provide for mixing of a coagulant, the formation of the precipitates 
and the separation of the precipitates from the treated flow. In most 
cases, the mechanical equipment inside the tank is a minor cost 
consideration, although in the case of certain types of tanks used for 
softening and similar reactions the equipment cost may be significant. 
Chemical feeders may l:e cf the dry volumetric type or of the solution 
type. In either case, the cost of the feeder is likely to be minor, 
although costs of associated equipment for the storage of chemicals is 
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often significant. 
chemical feeders. 

A substantial amount of data is available on 

Two cost analyses are presented. The first cost analysis is based on 
the concept of a central treatment plant as shown in Figure A-VIII-1 for 
all low-volume waste waters containing chemical pollutants. Table A­
VIII-1 shows the design flows assumed for this plant. The second cost 
analysis is based on the concept of complete treatment of chemical 
wastes with no discharge of pollutants. 

Tables A-VIII-2, A-VIlI-3, and A-VIII-4 contain estimates of capital 
costs, operating costs and annual and unit costs for a central chemical 
waste treatment. Estimates are presented for three sizes of powerplants 
with generating capacities of 100 MW, 500 MW and 1000 MW respectively. 
The unit cost of treatment is computed under three assumptions as to 
plant capacity factors. · The first assumption is a capacity factor of 
1.0, representing continuous operation at full capacity. Unit costs are 
also presented for capacity factors of 0.67, representative of base load 
plants, and 0.35, representative of cycling plants. Under these 
assumptions and conditions, the cost of treating chemical wastes is 
found to vary from 0.05 mills per KWH to 0~38 mills per KWH. 

~~_not Treateg_st..£~ntra!_Treatment Plant 

The following wastes are not considered suitable for treatment at a 
central treatment plant for chemical wastes: 

Cooling water (once-through system), cooling water blowdown (closed 
system), sanitary wastes, roof and yard drains, coal pile runoff, intake 
screen backwash, radwastes, nonrecirculating ash sluice water, 
nonrecirculating wet-scrubbing air pollution control waste water, and 
once-through (nonrecirculating) house service water. 

cost factors applicable to 
in the following paragraphs. 
magnitude to result in a 
generation. 

the treatment of these wastes are discussed 
None of the costs are of a sufficient 
detectable increase in the unit cost of 

cooling water-once Through systems 

The treatment technology for once-through condenser cooling water 
systems consist of maintaining the residual chlorine in the effluent 
below an established limit by controlling the chlorine added to the 
system. The capital costs involved consist of the cost of a residual 
chlorine analyzer and feedback controls to adjust t}le feed rate. The 
installed cost of a residual chlorine analyzer and control equipment is 
estimated to be about $ 5, 000 regardless of size of unit. This cost is 
easily amortized through savings realized by reduced consumption of 
chlorine. 
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TABLE A-VIII-1 

DESIGN FLOW FOR CHEMICAL WASTES TREATMENT PLANT 
- -

Total Volume/MW 
Waste Stream Freguency m3 Gal 

Ion exchange Daily 0.333 88 
Evaporator blowdown Daily 0.208 55 
Boiler blowdown Daily 0.137 52 
Boiler tube cleaning l/year 0.34 90 
Boiler fireside cleaning 2/year 6.06 1600 
Air preheater cleaning 6/year 15.9 4200 
Misc. small equipment 

& stack cleaning 2/year - -
Cooling tower basin 2/year - -
Lab. & samplina streams J.. Dailv - -- I 

Average Volume per day-MW 
Assumed Design 

Average Volume 
Per Dav-MW 
m::S Gal 

0.333 88 
0.208 55 
0.197 52 

- 0.25 
0.017 4.44 
0.044 11.7 

0.004 1.11 
0.004 2.11 
0.044 10 

0.847 223.61 
0.88 230 



TABLE A-VIII-2 

ESTIMATED CAPITAL COSTS 
CHEMICAL WASTES TREATMENT PLANT 

Descriotion Powerolant Generatinq 
100 MW 500 MW 

Equalization tank $ 42,500 $124,ooo-
Treatment tank 4,700 6,800 
Holding tank 3,400 7,900 
Clarifier 7,000 16,000 
Filter 32,000 40,200 
Pump 3,200 2,000 
Pipinq 3.200 3.200 

Majot equipment cost $ 94,000 $201,100 
Installation cost @50% 47,000 100,500 
Instrumentation cost @20% 18,800 40,200 

Total construction cos~ $159,800 $341,800 
Engineering @15% 24,000 51,300 
Continqencv @15% 24,000 51,300 

Total capital cost $207,800 $444,400 

caoacitv 
1000 MW 

$248,000 
7,800 
9,400 

22,000 
61,000 
2,500 
7.900 

$359,400 
179,700 

71,900 

$611,000 
91,700 
91.700 

$794,400 



Descriotion 

Chemicals and Power 
Requirements: 

Lime 
Flocculants 
Electricity 

Annual Costs: 
Operating labor 
Lime 
Floccularit -
.Eleckicj.ty 

Annual Operating cost: 
Exclusive of labor 
Including labor 

TABLE A-VIII-3 

ESTIMATED ANNUAL OPERATING COSTS 
CHEMICAL WASTES TREATMENT PLANT 

Powerplant Generatinq 
Units 100 MW 500 MW 

tons/year 54 275 
lbs/year 4200 21,000 
HP 10 30 

$15,000 $75,000 $105,000 
$27/ton 1,500 7,400 
$0.05/lb 2,100 10 I 500 
12 mils/KWH 900 2,600 

$ 4,500 $ 20,500 
$79,500 $125,500 

Capacitv 
1000 MW 

550 
42,000 

75 

$135,000 
15,000 
21,000 
6,500 

$ 42,500 
$177,500 
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TABLE A-VIII-4 

ESTIMATED ANNUAL AND UNIT COSTS 
CHEMICAL l'l4STES TREATMEJ:r.1' Pt.AN'l' 

Descri:etion Powerolant 
100 MW 

-

Total capital costs $207,800 

Fixed charges @15% 31,200 
Maintenance @3% of construction cost 4,800 

Annual operating cost excluding labor 4,500 
Operating labor 15i000 
Total annual costs . $115, 500 . 

Unit costs, mils/KWH of 
Generating capacity 0.132 
·Product ion ·(base 19ad) 0.200 
Production (cycling plant) 0.377 

Generatina caoacitv 
500 MW 1000 MW 

$444,400 $794,400 

66,700 119,200 
10,300 18,300 

20,500 42,500 
105,000 135!000 

$202,500 $315,000 

0.046 0.036 
0.07 0.054 
0.14 0.11 



Cooling Water Blowdown - Closed Systems 

The treatment technology is essentially the same as for a once-through 
system. Residual chlorine is monitored in the effluent, and blowdown is 
permitted only when the residual chlorine is below the established 
limit. It is possible to schedule blowdown only at such times when the 
residual chlorine level meets the effluent limitation. Additional costs 
would occur in cases where sedimentation would be provided for suspended 
solids removal, and where chemical treatment would be required for 
removal of chromium, ~hosphorus, or zinc. Sedimentation costs, where 
needed, would be approximately 7 cents/1000 gallons treated and chemical 
treatment costs, where needed, would be about $1/1000 gallons. 

Sanitary Wastes 

sanitary wastes are generally discharged to municipal sewerage systems, 
or if municifal sewers are not available, treated in biological process 
treatment plants. The volume of sanitary wastes is prima,rily a function 
of the size of the labor force. For most powerplants in isolated 
locations, a minimum size factory preassembled activated sludge type 
treatment plant will provide adequate treatment. The installed cost of 
these plants is estimated to be $25,000 $35,000 depending on 
geographic location. 

coal Pile Runoff 

The cost of coal pile runoff treatment is a function of the 
meteorological conditions at each particular site. Capital costs of 
lined retention ponds capable of holding various volumes of runoff are 
shown in Figure A-VIII-2. costs for liming contents of pond will vary 
with pH and frequency of treatment. 

Intake Screen Backwash 

The incremental cost of land disposal of debris removed from intake 
screens would be very insignificant in most ~ases. 

Rad waste 

No treatment is assumed due to possible 
concentrating radioactive wastes. 

Nonrecirculating Ash Sluice water 

hazardous effects of 

In cases where sedimentation would be required for suspended solids 
re~oval from ash sluice water, the costs would be about 7 cents/1000 
gallons. Having achieved adequate suspended solids removal, the 
effluent is suitable for recycle for ash sluicing, which would involve 
an incremental cost for pumps, piping and blowdown controls. 
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The backfitted configured recirculating ash sluicing system at plant No. 
3630 cost approximately 3 million dollars to handle the bottom ash from 
coal burned at a rate of 3,000 tons/day. However, the costs for this 
system include modification of floor and yard drainage, neutralization 
and disposal of demineralizer and boiler cleaning wastes and 
modification of trash screens as well as the configured ash water 
recycle system. System components include a coal pile trench, 
collecting basin, filtering pond, neutralizing tanks, pumps, piping, 
hydrobins, settling tank and recirculating tank. The system is designed 
to achieve no discharge of pollutants except for those contained in the 
moisture removed with the settled ash. 

£.2!!!!2!~:!:.~-T!:~s.!m~!ll-2!-.£hemicsl ~es for Reuse 

Costs associated with the complete treatment of chemical wastes for 
reuse within the plant will vary from plant to plant. In order to 
arrive at an estimate of typical costs likely to be incurred by an 
existing plant in implementing a complete water reuse plan, conceptual 
-flow diagrams have been developed for such plans for coal-fired and oil­
fired powerplants. These flow diagrams are shown ~ Figures A-VIII-3 
and A-VIII-4. Cost estimates were then prepared based on these flow 
diagrams. 

The three major process units required to provide a complete treatment 
of chemical wastes for reuse within a powerplant include a softener and 
chemical feed system to reduce the hardness of the cooling tower 
blowdown, a brine concentrator to preconcentrate the blowdown brines 
resulting from the recirculating of ash sluicing water, and an 
evaporator-dryer to finally reduce the sludge to a solid cake for 
disposal by landfill. 

Tables A-VIII-5, A-VIII-6 and A-VIII-7 contain estimates of capital 
costs, operating costs, and annual and unit costs for a complete 
treatment system for chemical wastes. This system will produce no 
discharge of pollutants while returning the water to the process for 
reuse. The costs shown in these tables represent upper limits of cost. 
At some plants it may not be necessary to concentrate brine and 
evaporate to dryness. For example, plants in the southwestern United 
states will probably be able to utilize evaporation ponds at a 
substantial saving in cost. Mine-mouth plants will frequently have 
requirements for large volumes of low quality water for coal processing 
with ultimate disposal to the mine. The estimates assume that no 
alternate ultimate disposal methods for the brines are available and 
that evaporation to dryness is the only feasible method of ultimate 
disposal. Under these assumptions, the cost of complete treatment is 
estimated to be 0 •· 30 mills per KWH and the assumption of a unity 
capacity factor, for a 100 MW plant and 0.11 mills per KWH for a 1,000 
MW plant. For a typical base load plant operating at a capacity factor 
of 0.67, these costs increase to 0.45 mills for a 100 MW plant and 0.17 
mills per KWH for a 1,000 MW plant. Costs for a typical plant operated 
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TABLE A-VIII-5 

ESTIMATED CAPITAL COSTS 
TREATMENT OF CHEMICAL WASTES 

Powerplant 
Descriotion 100 MW 

Cooling tower blowdown treatment $ 36,300 
Ash-handling system modifications 10,400 
Brine concentrator 77,000 
EVaporator 40,000 

Major equipment cost $163,700 
Installation cost @60% 98,200 
Instrumentation @20% 32,700 

Construction cost $294,600 
Engineering @15% 44,200 
Contingency @15% 44,200 

Capital costs: 
Reuse facilities $383,000 
Waste treatment nlant 207.800 

Total capital cost $590,800 

Generatina caoacitv 
1000 MW 

$121,300 
37,000 

460,000 
250,000 

$868,300 
521,000 
73,400 

$1, 562 I 700. 
234,300 
234,300 

$2,031,300 
794,400 

$2,825,700 



Description 

Chemicals and Power 
Requirements: 

Lime 
Flocculants 
Electric Power 
Steam 

Annual Costs: 
Operating Labor 
Lime 
Electricty 
Steam 
Flocculants 

TABLE A-VIII-6 

ESTIMATED ANNUAL OPERATING COSTS 

TREATMENT OF CHEMICAL WASTES FOR REUSE 

Units 

tons/yr 
lb/yr 
HP

3 10 lb/yr 

$15,000 
$27/ton 

Unit Cost 

12 mils/kwh 
1 mil/lb 

$0.50/lb 

Powerplant Generatinq Capacity 
lOOMW lOOOMW 

80 
4,200 

140 
8,760 

$135,000 
2,200 

12,300 
s,aoo 
2,100 

800 
42,000 
1,100 

87,600 

$270,000 
21,600 
96,400 
87,600 
21,000 

Total Operating Cost: 
Excluding labor 
Including labor 

$ 25,400 
$160,400 

$225,600 
$495,600 



TABLE A-VIII-7 

ESTIMATED ANNUAL AND UNIT COSTS 
TREATMENT OF CHEMICAL WASTES FOR REUSE 

Powernlant 
Description 100 MW 

Total capital costs $590,800 

Fixed charges @15% 88,600 
Maintenance @3% of construction cost 13,600 

Annual operating cost excluding labor 25,400 
Operating labor 135,000 
Total annual costs $262,600 

Unit costs, mils/KWH of 
Generating capacity 0.30 
Production (base load) 0.45 
Pro~uction (cycling plant) 0.86 

Generatinq Capacitv 
1000 MW 

$2,825,700 

423,900 
76,200 

225,600 
270,000 

$995,700 

0.11 
0.17 
0.32 



in the cycling mode at a capacity factor of 0.35 are about 
and 0.32 mills respectively. The costs of achieving no 
pollutants other than heat by complete chemical treatment 
provide a conservatively high estimate of achieving no 
pollutants from low-volume waste sources only. 

~~~Efilrn.irfil!!en12 

O. 86 mills 
dis charge of 
and recycle 
dis charge of 

Energy requirements f cr the treatment of chemical wastes are not a 
significant consideration. Most of the processes utilized for the 
treatment of chemical wastes require no input of energy other than that 
required for conveying the liquid. some of the processes involved in 
the technology for achieving no discharge of pollutants involve a change 
of state from the liquid phase to the vapor phase, and others such as 
vacuum filters and reverse osmosis require substantial mechanical 
energy. However, these processes are generally applied to only a small 
portion of the total wastes, so that again the overall effect is 
negligible. Based on the flow diagrams for a central chemical wastes 
treatment plant and for complete treatment facilities designed to 
achieve no discharge of pollutant, the estimated energy requirements for 
central waste treatment are less than 10 KW per 100,000 KW of plant 
capacity, or less than 0.01% of the plant output. For complete 
treatment and reuse, including steam evaporation to dry material for 
ultimate disposal, the energy requirements are less than O. 2% of the 
plant output. For plants capable of achieving no discharge by utilizing 
evaporation ponds, energy requirements are about O. 04% of the ·plant 
output. 

The waste treatment processes previously discussed are essentially 
separation techniques which produce a liquid fraction suitable for 
discharge or reuse and a liquid-solid residue which requires ultimate 
disposal. The residues from ion exchange, evaporation, and reverse 
osmosis processes are concentrated brines, which carry the solids in 
solution form. The residues from other waste treatment processes are 
sludges of various types and concentration, which may contain from 0.5 
to 5.0 % solids in the suspended form. The ease with which these 
sludges can be further dewatered dei;ends on the type of sludge. At one 
end of the scale are sludges which contain a high proportion of mineral 
solids, and which dew at er readily to about 20% solids. At the other end 
of the scale are gelatinous sludges such as those resulting from alum 
coagulation which are very difficult to dewater. The following 
paragraphs describe some of the dewatering and ultimate disposal 
techniques applicable to steam electric powerplants. 

Conveyance to Off-Site Disposal 

Conveying brines and sludges to off-site disposal facilities is a method 
of ultimate disposal i:rcvided that the wastes have been concentrated to 
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make conveying economically attractive and provided there is a facility 
to\which the wastes can be delivered. Alternate methods of conveyance 
are by trucks, railroad cars or pipeline. Pipeline conveyance is the 
most economical means for quantities in excess of 100 m3 (26,000 gal) 
per \day. For smaller quantities, truck or rail hauling is more 
econ~~cal, ~~th distance the deciding factor. Trucking is more 
econd\nical for distances below 50 km (35 miles) with rail haul more 
econoll\ical for longer distances. In any case, costs are of the order of 
$0.01 ~ 0.10 per m3~km ($0.05 - $0.50 per 1000 gal - mile) exclusive of 
disposal charges by the receiving agency~ 369 These costs are 
sufficiently high to 111ake conveyance economically unattractive except at 
sites having no alternate means of disposal. 

EVaporation Ponds (J.agoons) 

Evaporation ponds are a feasible method of qltimate disposal for plants 
having the necessary land area available and having cfimatic conditions 
favorable to this method. In general, allQu~l evaporation should exceed 
annual rainfall by over 50 cm(20 in.). This would restrict uncovered 
evaporation pa"lds to the southwestern portion of the United states. 

Ponds are generally lined to prevent seepage into the ground. Multiple 
ponds are usually provided to allow evaporation from one pond while 
other ponds are receiving w~stes. Facilities must also be provided to 
remove solids accumulated in the pond. 

Landfill 

Landfills are ~he uost common method of disposal of solid residues. 
However, leachate from chemical wastes deposited in landfills may cause 
groundwater problems. If the wastes contain soluble components, fill 
areas must be lined and leachate and runoff collected and treated as for 
coal pile runoff". 

Intermediate oewatering Devices 

A number of devices are available for the intermediate dewatering of 
sludges from their original concentration of 1-51 solids to about 15-301 
solids. These devices inc~ude vacuum· filters, pressure filters and 
centrifuges. 

Vacuum filters are devices consisting of a drum covered by a filter 
media and rotating slowly while paxt~ally submerged in a reservoir 
containing the sludge to be dewatered. A vacµum of 40 to 80 KN/mZ (12 
to 25 in. Hg) is applied to the inside of the drum, causing a layer of 
sludge to adhere to the surf ace of the media. As the layer emerges from 
the reservoir, it is further dried by air being drawn through the layer 
and into the interior of the drum. Just prior to resubmerging into the 
reservoir, the dewatered sludge is removed from the drum by· a scraper 
and conveyed to disposal. 
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some sludges contain very fine or filamentous solids that clog the 
filter media and prevent the flow of liquid and air through the media, 
such sludges must be treated to increase the porosity of the filter 
cake. Treatments prier to filtration may consist of the addition of 
ferric chloride to colloidal sludges or diatomaceous earth to sludges 
containing a high pro~ortion of silty material. 1e2 

Pressure filters are similar to vac;:uum filters except that the sludge or 
suspension is forced thro'tlgh the filter media by pressure rather than by 
vacuum. The most common filter media arrangement consists of a series 
of vertical frames covered by a cloth media. The sludge is applied 
through a header to tte outside of the filter media, W'lile tne filtrate 
is collected from the inside. A filter aid is commonly used to increase 
the filterability of the sludges. 

Neither vacuum filters nor pressure filters have.been used for pollution 
control in steam electric powerplants to any significant extent, 
although certain types cf pressure filters are used in some forms of 
condensate polishing. 

Centrifuges are intermediate dewatering devices which make use of the 
gravitational forces in liquids rotating at high speeds to separate 
particulate matter from suspensions. There are no known instances of 
centrifuges being used by steam electric powerplants for pollution 
control, but the technology is available and should be considered as a 
means of concentrating and dewatering sludges. 
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PART A 

CHEMICAL WASTES 

SECTIONS IX, X, XI 

BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE, 
GUIDELINES AND LIMITATIONS 

BEST AVAILABLE TECHNOLOGY ECONOMICALLY 
ACHIEVABLE, GUIDELINES AND LIMITATIONS 

NEW SCURCE PERFORMANCE STANDARDS AND 
PRETREATMENT STANDARDS 

Best Practicable Control Technology Currently Available. 

cooling systems. 

Chlorine concentrations in both recirculating and nonrecirculating 
cooling water systems are to be limited to average concentrations of 0.2 
mg/l during a maximum of one 2-hour period a day and maximum 
concentrations of 0.5 mg/l. These limitations can be achieved by means 
of available feedback control systems presently in wide use in other 
applications. Chlorination for biological control can be applied 
intermittently and thus should not be applied on two or more units at 
the same plant simultaneously in order to minimize the maximum 
concentration of total residual chlorine at any time in the combined 
cooling water discharged from the plant. Furthermore, chlorination of 
individual units should be applied at times of lowest flow through the 
condensers to minimize the total amounts (mass) of total residual 
chlorine discharged. Generally chlorination is not required for more 
than two hours each day for each unit. However, additional chlorination 
may be allowed in specific cases to maintain tube cleanliness. 
Alternative methods cf reducing the total residual chlorine in 
nonrecirculating condenser cooling water systems include chemical 
treatment, substitution of other less harmful chemicals, and use of 
mechanical means of cleaning condenser tubes. Mechanical cleaning is 
employed in some plants but its Fracticability depends on the 
configuration of the process piping and structures involved at the 
particular unit. Moreover, chlorine may still be discharged even with 
mechanical cleaning of condenser tubes, because of its continued use in 
maintaining biological control in other parts of the cooling system. 
Further removal of residual chlorine ~n nonrecirculating condenser 
cooling water systeus by chemical treatment is available but is not 
generally practicable because of the additional costs involved to treat 
the large volumes of water involved. 

Chemical treatment of recirculating cooling water systems would be 
less costly and the pollution potential of residual bisulfide chemicals 
added would be less significant than with nonrecirculating cooling water 
systems due to the smaller wastes ~ater volumes requiring treatment. 
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Experience in this technology is highly limited in the powerplant field; 
however, this is a well established technology in the water supply 
industry. Other technologies potentially available for recirculating 
cooling water systems are split stream chlorination, blowdown retention, 
and intermittent discharge programmed with intermittent chlorination. 

The use of chemicals for control of biological growth, scaling and 
corrosion in evaporative cooling towers is commonplace. The types and 
amounts of chemicals required is hignly site-dependent. Chromate 
addition is not generally required for corrosion control. Phosphates 
and zinc salts are em~loyed in some cases. Insufficient data exists to 
judge what alternative chemicals for control of corrosion, etc., would 
be generally practicatle from a cost versus effluent reduction benefit 
standpoint. Minimum discharge of added chemicals can be achieved by 
employing the best practicable technology for water treatment and water 
chemistry to minimize the quantities of blowdown flow required. In 
cases where cooling towers are planned, design for corrosion protection 
can eliminate the need for chemical additives for corrosion protection. 
Treatment of cooling tower blowdown for oil and grease removal, by 
chemical addition f cr effluent pH ccntrol, and by sedimentation for 
reduction of effluent total suspended solids is achievable. Effluent 
levels of 10 mg/l oil and grease and 15 mg/l total suspended solids are 
achievable based on the treatment of similar waste waters. Due to wide 
range of flow of waste water from recirculating cooling water systems, 
the effluent limitations in mass units, in any particular plant would be 
the products of the flow times the respective concentration levels. 
Costs in general would be approximately 0.1 mill/kwh in the relatively 
small number of cases where it would be needed. 

Limitation for Low-Volume Waste Waters. 

Low-volume waste water sources include boiler blowdown, ion exchange 
water treatment, water treatment evaporative blowdown, boiler and air 
heater cleaning, other equipment cleaning, laboratory and sarnfling 
streams, floor drainage, cooling tower basin cleaning, blowdown from 
recirculating ash sluicing systems, blowdown from recirculating 
wet-scrubber air pollution control systems, and other relatively low 
volume streams. These wastes can be practicably treated collectively by 
segregation from higher volume wastes, equalization, oil separation, 
chemical addition, solids separation, and pH adjustment. 

Oily streams such as waste waters from boiler fireside cleaning, air 
preheater cleaning and miscellaneous equipment and stack cleaning would 
be practicably treated for separation of oil and grease, if needed, to a 
daily average level of 10 mg/l. Addition of sufficient chemicals to 
attain a pH level in the range 9 to 10 and total suspended solids of 15 
mg/l in the effluent of this treatment stage would be generally 
practicable considering the pH levels of the untreated waste streams and 
the waste water flow volumes involved. Generally, the higher the pH 
level, with total suspended solids of 15 mg/l, the greater the effluent 
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reduction benefits attained for the numerous chemicals removed by 
treatment. Examples of pollutants significantly reduced by this 
treatment are the following: acidity, aluminum, biochemical oxygen 
demand, copper, flucride, iron, zinc, lead, magnesium, manganese, 
mer.cury, oil and grease, total chromates, total phosphorous, total 
suspended solids, and turbidity. some waste water characteristics, such 
as alkalinity, total dissolved solids, and total hardness are increased, 
however. Following the above treatment it would be practicable, in a 
second stage, to adjust the effluent pH to a level in the range 6.0 to 
9.0 in compliance with stream standards, with sedimentation to attain 
final daily average effluent total suspended solids levels of 15 mg/l. 
Effluent daily average concentrations of levels of 1 mg/l total copper 
and 1 mg/l total ircn are achievable by the application of this 
technology. The effluent limitations in mass units, in any particular 
plant, would be the products of the collective flow of all low-volume 
waste sources times the respective concentration levels. 

segregation and treatment of boiler cleaning waste water and ion 
exchange water treatment waste water is practiced in a relatively few 
plants, but is potentially practicable for all plants. Oily waste 
waters are segregated from non-oily waste streams at some plants and the 
oil and grease removed by gravity separators and flotation units •. 

combined treatment of waste water streams is pra.cticed in numerous 
plants. However, in most cases treatment is accomplished only to the 
extent that self-neutralization, coprecipitation and sedimentation occur 
because of the joining and detention of the waste water streams. 
Chemicals are added during combined treatment at some plants for pH 
control. Most of these plants employ lagoons, or ash ponds, while a few 
plants eJnploy configured settling tanks. 

Limitations for once-Through Ash and Air Pollution Control Systems. 

Daily average effluent total suspended solids levels of 15 mg/l are 
practicably attainable as are oil and grease levels of 10 mg/ and pH 
values in the range 6.0 to 9.0. Due to the fact that intake water to 
ash sluicing and air pollution control systems is often well in excess 
of this level, an effluent limitation of 15 mg/l total suspended solids 
times the waste water flow would, in many of those cases, require the 
removal of large quantities of suspended solids not added by the plant. 
In the light of this, an effluent total suspended solids level for these 
streams should be limited to a daily average of 15 mg/l times the waste 
water flow or a number of pounds per day not in excess of the total 
intake to the station for these systems, whichever represents the 
greater number of pounds per day. 

Dry processes are used by most oil-fired plants for ash handling, while 
only fly ash is handled dry at some coal-fired plants. Gas-fired plants 
have little or no ash. The exte~t of the practicability of employing 
dry processes for bottom ash handling at coal-fired plants is not known. 
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Limitations for Rainfall Run-off Waste Water Sources. 

Rainfall run-off waste water sources include coal-pile drainage, yard 
and roof drainage, and run-off from construction activities. Effluent 
limitations reflect tte technology of diking, oil-water separation, 
solids separation, and neutralization. 

Best Available Technology Economically Achievable. 

The best available technology economically achievable for all flants is 
re-use and recycle of all waste water to the maxitnum practicable extent, 
with distillation to concentrate all low-volume water wastes and to 
recycle water to the process, and with evaporation to dryness of the 
concentrated waste followed by suitable land disposal. 

Re-use of waste water streams is practiced at relatively few plants, but 
some employ recycle of ash sluice water. Distillation concentration 
with recycle is currently planned for at least three plants. some 
stations plan to employ re-use of cooling tower blowdown in wet-scrubber 
air pollution control systems. Since water quality requirements for ash 
sluicing and wet scrubbing are relatively low, some degree of re-use 
should be practicable for most plants where these operations are 
employed. The concept of cascading water use, i.e., recycle and re-use 
of water from applications requiring high quality water to applications 
requiring successively lower water quality, to reduce to the volume of 
waste water, if any, ultimately requiring evaporation or other 
treatment, while practicable in all cases, would generally be subject to 
a case-by-cas€ analysis to determine the optimum among the various 
candidate systems. 

Chemical treatment of blowdown from recirculating cooling water system 
for removal of total chromium, total phosphorus (as P) and zinc, while 
not currently demonstrated,· could be achieved by 1983, in the relatively 
small number of cases where it would be needed. Corresponding effluent 
limitations, based on the application of this technology, are O. 2 mg/l 
total chromium, 5 mg/l total phosphorus (as P), and 1 mg/l zinc-total, 
all times the waste water flow. 

Maximum effluent reductions are attainable by segregating the initial 15 
minutes of run-off from a rainfall event from the remainder of the 
run-off, and by treating both streams separately, each stream to achieve 
effluent levels of 15 mg/l total suspended solids, 10 mg/l oil and 
grease and a pH value in the range of 6.0 to 9.0. Chlorination programs 
to achieve no discharge of total residual chlo:rine from recirculating 
cooling water systems, while not currently demonstrated, could be 
applied by 19 83. 

250 



New source Standards. 

In view of the current technical risks associated with the application 
of distillation technclogy to waste water recycle, chlorination programs 
to achieve no discharge of total residual chlorine from recirculating 
cooling water systems, and segregation of rainfall run-off streams, new 
source performance standards have been determined to be identical to the 
limitations prescribed for best practicable control technology currently 
available with the fellowing exceptions. No discharge is a11·owed of 
corrosion inhibitors in blowdown from recirculatipg evaporative cooling 
water system, based on the availability of design technology for 
corrosion prevention. No discharge of total residual chlorine or other 
additives for biological control in main condenser tubes, based on the 
availability of mechanical systems to achieve biological control in main 
condenser tubes. No discharge of pollutants from nonrecirculating ash 
sluicing system, based on the availability of dry systems and of 
recirculating wet systems. 

cost of Technology. 

Due to the wide range of water volumes required from plant to plant for 
the individual unit operations involved, and further, due to the wide 
range (from plant to plant} of costs per unit volume of water treated, 
which are further related to the effluent reductions obtained, the costs 
vary widely for the removal of specific pollutants to v•rious degrees. 
For example, toiler fireside chemical cleaning volumes vary from 24,000 
gal to 720,000 gal per cleaning, with cleaning frequencies ranging from 
2 to 8 times per year. - The operating costs of chemical precipitation 
treatment for copper and iron removal to 1 mg/l effluent concentration 
and for chromium removal to an effluent of 0.2 mg/l range from $0.10 to 
$1.30/1000 gal. Furthermore, there are approximately 10 or more 
separate unit operaticns which are sources of waste water at power 
generating plants, each with its station-specific flow rate and waste 
water characteristics, as well as cost peculiarities. .Site-related 
factors concerning the practicability of various re-use practices make 
these practices even more difficult to cost, due to the added 
complexities involved. 

The incremental costs of controlled additions of chlorine, in the cases 
where chlorine is required for biological control, are less than 0.01 
mill/kwh. In the relatively few cases where chromates are added for 
corrosion control and where other less harmful chemicals an-0 methods can 
provide effective corrosion control the incremental costs are less than 
0.01 mill per kilowatt hour. The incremental cost of mechanical 
cleaning to replace some fraction of the total required chlorine 
additives is approximately 0.01 mill/kwh for existing stations and 
considerably less for new units whether at new or existing plants. 

Cost estimates 
streams . for 
precipitation, 
with respect 

based on the combined treatment of selected low-volume 
oil and grease separation, equalization, chemical 

solids separation, and further based on generalizations 
to the cost of land, construction, site preparation and 
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with respect to the waste water volume, indicate an approximate cost of 
0.1 mill per kilowatt hour depending upon the plant's generating 
capacity an·d utilization. The highest costs are associated with the 
smaller plants and peaking plants which generally have the highest basic 
generating cost. In general, the entire incremental cost should be felt 
by individual plants since this type of complete chemical treatment is 
not generally employed. 

Sedimentation of ash sluicing water, cooling tower blowdown, etc., would 
cost typically about 7 cents/1000 gal, with the incremental cost in 
mills/kwh being related to the quantitites of water treated. Since many 
plants already have some type of sedimentation facility, the 
incre~emental costs of improved sedimentation performance if required 
will be some fraction of the cost cited. 

In the few cases where it would be required chemical treatment for 
removal of phosphorus, total chromium or zinc from cooling tower 
blowdown would cost about $1/1000 gal treated. Incremental costs of dry 
ash handling systems where mechanically feasible are less than 0.01 
mill/kwh for existing stations converting from wet systems and are 
considerably less for new sources. 

Recirculating ash sluicing systems require sedimentation discussed above 
plus pumps, piping and a blowdown system. Incremental costs above 
sedimentation are less than 0.01 mill/kwh for existing plants and 
considerably less for new plants. 

The cost of evaporation in configured equipment is approximately 1.4 
dollars/1000 ga+. The corresponding incremental cost in mills/kwh is 
related to the quantities of waste water requiring evaporation. Costs 
would be significantly less in climates where solar evaporation in ~onds 
could be employed. 

The incremental costs of equipment design for corrosion protection are 
normally largely offset by other cost benefits such as reduced costs of 
chemicals. The net incremental costs for both lined cooling tower 
components and stainless steel or titanium condenser tubes would be less 
than 0. 1 mill/kwh total, even in the case where new or old copper alloy 
condenser tubes were retrofitted, due to the high offsetting salvage 
value of copper. Replacement of existing cooling tower components would 
be more expensive however. 

Because of the wide range of opportunities and associated incremental 
costs of achieving no discharge of pollutants from waste water sources 
other than cooling water systems and rainfall run-off (based on the 
technology of maximum recycle with evaporation of the final effluent) a 
model plant is employed as a basis for considerations of this higher 
level of technology. The features of the model plant are selected to 
produce conservatively high incremental costs of applying this 
technology, i.e. the determined costs would be at a level higher than 
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would be expected for almost all other plants. The model plant would 
have such adverse characteristics that recycle of all water (except that 
used in ash sluicing systems or in wet-scrubber air pollution control 
systems) would not be practicable except after distillation. 
Distillation is much more costly than the chemical addition and 
sedimentation treatments which would be used in most cases. Ash 
sluicing water and wet-scrubber water would be recycled after 
sedimentation (or filtration) for solids removal. The model plant would 
have .to distill blcwdown from ash sluicing for recycle to other 
processes, however, the quantities of water distilled would be less than 
the feed intake to the system of low quality waste waters from other 
sources by the amount of evaporation during sluicing and the amount of 
moisture removed in the ash. Therefore, the assumption of the presence 
of wet ash sluicing is consistent with the conservative approach of the 
cost analysis. Similar considerations pertain to wet-s~rubber air pol­
lution control systems. Non-solar evaporation is further assumed. 

The incremental costs for achi·eving no discharge of pollutants, 
exclusive of cooling water and rainfall run-off, for the model station 
as previously stated are approximately 0.3 mills per kilowatt-hour for a 
100 megawatt capacity base-load plant, 0.5 mills per kilowatt•hour for a 
cyclic plant and 1.5 mills per kilowatt-hour for a peaking plant. These 
costs are about 5, 6, and 12 percent of production costs, respectively. 
Costs for smaller plants wo~ld be generally higher and costs for larger 
plants would be generally lower. Costs would be less for plants in 
climates suitable for solar evaporation. Cost would be generally less 
for nuclear plants and for gas-fired plants because there is no require­
ment for water related to ash handling. · From an overall standpoint, 
costs would be generally lower than the costs for the model plant due to 
the conservative assumptions employed in the model. Full recycle of 
blowdown from evaporative recirculating cooling water systems would be 
significantly more costly. 

Energy and Other Non-water Quality Environmental Impacts. 

Energy requirements for technologies reflecting the application of the 
best available technology economically achievable for pollutants other 
than heat are less than 0.2 percent of the total plant output. 

The non-water quality impacts of technologies available to achieve 
limitations on pollutants other than heat are negligible with respect to 
air quality, noise, water consumption and aesthetics. Solid waste 
disposal problems associated with achieving the limits required by best 
practicable control technology currently available are similarly 
insignificant. systems with evaporation and recycle of waste water, 
which may ·be required to attain the effluent reductions required for 
best available technology economically achievable will not generally 
create significant amounts of solid waste. If recycle of b~owdown from 
evaporative recirculating cooling systems were to be employed, however, 
considerable volumes of solid waste may be generated. ~n most cases 
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these are nonhazardous substances requiring only minimal custodial care, 
However, some constituents may be hazardous and may require special 
conside~ation. In order to ensure long term protection of the 
environment from these hazardous or harmful constituents, special 
consideration of disposal sites may be made. All landfill sites where 
such hazardous wastes are disposed should be selected so as to prevent 
horizontal and vertical migration of these contaminants to ground or 
surface waters. In cases where geologic conditions may not reasonably 
ensure this, adequate legal and mechanical precautions (e.g. impervious 
liners) should be taken to ensure long term protection to the 
environment from hazardous materials. Where appropriate the location of 
solid hazardous materials disposal sites should be permanently recorded 
in the appropriate office of legal jurisdiction. 
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PART B 

THERMAL DISCHARGES 

SECTION V 

WASTE CHARACTERIZATION 

General 

Significant thermal discharges from steam electric powerplants occur 
when a powerplant utilizes a once-through circulating water system to 
reject the heat not converted into electric energy. The amount of heat 
energy discharged with the circulating water is equal to the heat value 
of the fuel less the heat value converted into electric energy and 
miscellaneous station losses. The heat energy discharged is therefore 
directly related to the efficiency of the plant. According to industry 
practices, the efficiency of a generating unit is expressed as its heat 
rate, in units of Joules per KWH (BTU per KWH) • A new fossil-fired 
generating unit may be designed for a heat rate of 9.5 million Joules 
per KWH (9000 BTU/I<WH). Since one KWH is equivalent to 3.6 million 
J/KWH (3413 BTU), such a plant would have an efficiency of 38%. 

The transfer of heat from the condensing steam to the cooling water 
results in a temperature rise of the cooling water. For a given amount 
of heat transfer, the temperature rise of the cooling water is inversely 
proportional to its flow. That is, one_ may either heat a small quantity 
of water a great deal, or a large quantity of water a small amount. On 
the average, temperature rises have been centered about 9 degrees C (16 
degrees F) for economic and process considerations (Figure B-V-1). It 
is clear however, that almost any lower limit on temperature rise can be 
achieved given a sufficiently large source of cooling water and no eco­
nomic constraints. It is also clear, however, that a temperature 
difference reduction does not limit the amount of heat rejection. 

Quantification of Main Condenser Cooling Characteristics 

The data presented below were obtained .from the Federal Power Commission 
and represent a summary of the data collected on "FPC Form 67" for the 
year 1969.280 These data have been screened to eliminate obvious in­
consistancies. The statistical analyses have b~en performed using 
standard subroutines available from IBM in their scientific subroutine 
package (1000) operating units. All units in this sample are fossil­
fueled. Heat rates for the industry are profiled in Figure B-v~2. This 
figure shows the mean unit heat rate to be approximately 11•8 million 
Joules/KWH (11,200 BTU/KWH) with a standard deviation of approximately 
2.86 million Joules/ I<WH (2700 BTU/KWH). These statistics are not 
weighted by generation. Weighted figures show the national average heat 
rate to be about seven (7) percent lower.281 Given the heat rate, one 
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may calculate the cooling water heat rejection for fossil plants in the 
following manner: 

1. Multiply the heat rate by the boiler efficiency (0.8-0.9 are 
reasonable efficiencies to use for this calculation) 

2. subtract from that number the energy of one (1) KWH (3,~00,000 
Joules or 3,413 BTU). 

3. The result is the heat rejected to the cooling water stream. 

The result obtained from this calculation is slightly higher than the 
real requirement in most cases. This analysis ignores the difference 
between the lower and higher heating values of the fuel. Heat rates can 
be reported using high heating values although all this energy is not 
available to do work. 'Ihe differen-ce is lost forming water vapor from 
the hydrogen in the fuel and oxygen in the air. Various in-plant heat 
and steam losses, and the power requirements of the plant's auxilliary 
equipment are also ignored. Using this analysis, the mean plant in our 
sample rejects about seven (7) million Joules (6,640 BTU) per net KWH 
generated. Table B-V-1 lists heat rates, efficiencies, and waste heat 
produced for a range cf plants typical of the industry. The heat 
rejection requirements calculated above are satisfied by the heating of 
the circulating water. Figure B-V-1 indicates that the mean temperature 
rise (unit basis, not weighted) of the cooling water is between eight 
and nine degrees C (about 15 degrees FJ with a standard deviation of 
about three degrees c (5 degrees F). 

Flow rates range from about 1,100 liter/min (300 gpm) to 4,000 liter/min 
(1,100 gpm) for each megawatt of load.2eo Thus a 100 MW unit operating 
at capacity may discharge up to 400,000 liter/min (110,000 gpm) of water 
heated to nine degrees c (15-16 degrees F) abov-e ambient. (A more 
typical number would be about two-thirds of this example based on 
national heat rates) • 

The maximum summertime temperature of the heated effluent varies with 
location, but is strongly centered (Figure B-V-3) about 35 degrees c (95 
degrees F). It is interesting to note the large number of plants 
operating at or above a maximum summertime outfall temperature of 39 
degrees c (102 degrees F). At elevated temperatures turbine efficiency 
frequently begins to suffer. 

Table B-V-2 summarizes data received from powerplants visited under this 
contract. Many of the plants visited were among the most efficient in 
the nation. 

The visits were, in general, made to examine unique features in control 
or efficiency incoq;:orated in the plant. These data, therefore, 
represent typical values for newer modern plants rather than an 
industry-wide cross section. Of some interest, however, are the data 
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Table B-V-1 

EFFICIENCIES, HEAT RATES AND HEAT REJECTED-BY COOLING WATER 

Plant Plant Heat Converted Stack and Plant 
Efficiency, Heat Rate to Electricity Heat Losses 

% Joules per l<WH x 10 -6 (Btu/l<WH) 

Fossil-Fueled Units 

38 9.5 ( 9,000) 3.6 (3,400) o.95 ( 900) 

3~ 10.5 (10,000) 3.6 (3,400) 1.05 (1,000) 

29 12.5 (12,000) 3.6 (3,400) 1.25 (1,200) 

23 15.5 (15,000) 3.6 (3,400) 1.55 (1,500) 

17 21.0 (29,000) 3.6 (3,400) 2.1 (2,000) 

Nuclear Units 

34 10.5 (10,000) 3.6 (3,400) 0.5 ( 500) 

29 12.5 (12,000) 3.6 (3,400) 0.6 ( 600) 

-· 

Heat Rejected 
to Cooling Water 

4.95 ( 4,700) 

s.0s ( 5,600) 

7.65 ( 7,400) 

10.35 (11,100) 

15.3 (14,600) 

6.4 ( 6,100) 

8.3 ( 8,000) 
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TABLE B-V-2 

PLANT VISIT THERMAL DATA 

Heat Rate Cooling Temp. Discharge Temp. Heat Dissipation 
Capacity Joules/K~H Water Flow Rise oc Joules/Hr Joules/KWH 

Plant ID Fuel (MW) x lo- M3/min oc Summer Winter Average x lo-9 x lo-6 

0640 Nuclear 916 N.A. 1688 15.6 30.0 27.0 28.3 6580 7.194 

1209 Nuclear 1456 1.1 4735 8.9 40.6 28.9 35.6 10588 7.27 

2612 Nuclear 700 1.1 1476 13.9 N.A. N.A. N.A. 5135 7.349 

1723 Nuclear 1618 N.A. 3564 13.3 36.7 14.4 N.A. 11916 7.37 

3117 Nuclear 457 1. 07 1362 10.0 28.6 13.9 21. 7 3417 7.48 

1201 Oil & Gas 139.8 1. 02 439 5.7 34.0 22.3 26.8 624.3 4.466 

1201 Oil & Gas 792 N.A. 2002 8.5 39.6 29.1 32.4 4271 5.39 

5105 Oil 1157 1. 09 1851 13.2 45.4 18.2 36.3 6116 5.285 

2525 Oil 1165 .95 2346 8.2 31. 0 12.7 21. 4 4840 4.156 
N 
O'I 0801 Coal & Gas 300 1.12 1056 N.A. N.A. N.A. N.A. N.A. N.A. 

1209 Coal & Gas 820 .99 2078 7.3 38.9 27.3 33.9 3786 4.626 

4217 Coal 1640 1. 03 2120 14.4 31. 7 17.8 26.7 7676 4.68 

4846 Coal 1150 1. 05 2838 7.5 N.A. N.A. N.A. 5336 4.645 

3713 Coal 2137 .92 3883 10.0 28.3 17.8 N.A. 9744 4.56 

2512 Oil 542.5 .94 632 16.1 33.4 22.6 28.0 2552 4. 71 

3115 Oil & Gas 644.7 1. 06 1429 9.3 28.2 13.2 21.0 3343 5.196 

2527 Oil 28 1. 02 94.6 N.A. N.A. N.A. N.A. N.A. N.A. 

0610 Oil & Gas 750 1.15 1332 10.0 36.7 20.0 26.7 3343 4.46 

2119 Coal 2534 N.A. 2937 13.9 N.A. N.A. N.A. 10229 4.04 

Nuclear Averages 1. 09 N/A 12.34 N/A N/A N/A N/A 7.33 

Fossil Averages 1. 03 N/A 10.34 N/A N/A N/A N/A 4.68 

N.A. - Not Available 

N/A - Not Applicable 



from the nuclear plants visited. Since all nuclear plants in utility 
service are relatively new, these plants may be considered typical of 
nuclear plants. It is observed that the heat rejection is considerably 
higher for nuclear plants (by a factor of more than 1. 5) than for the 
fossil-fueled plants studied, In addition,. the temperature rise for the 
nuclear plants is generally higher. 

Industry-wide Variations 

Heat rate varies about thirteen percent regionally.~., 1 This variation is 
due to relative equipment age, availability of high quality fuel, and 
economic and other factors. For examfle, the northeastern section of 
the country has many cld, relatively inefficient units which must be 
operated to meet loading requirements. On the other hand, the western 
section of the country uses a great deal of lower heating-value lignite 
which contributes to its• higher average heat rate.. The southeastern 
section of the country can attribute its lower average heat rate to many 
new, large, efficient units burning high-quality fuel. The net effect 
of the regional heat rate variation on heat rejection requirements may 
be' as high as twenty i;:ercent (see previous section for calculations). 
This number may be considered con serva ti ve, however, since some of the 
regional heat rate variation is fuel quality dependent. 

Temperature rise varies with both heat rate and cooling water 
availability. In addition, considerations such as economics, ambient 
water temperature, and water quality requirements weigh heavily upon the 
design cooling water temperature rise. Tbus, temperature rise requires 
a plant by plant evaluation. 

Maximum temperature of the outfall varies with both ambient temperatures 
and temperature rise. Thus higher temperatures should be expected in 
the southern section of the country. This expectation is somewhat 
mitigated by the fact that the steam cycl€ has efficiency limitations 
beyond certain temperatures. Thus, utilities economically optimize 
temperature rise (a lower temperature rise requires more pumping power 
and/or a larger condenser) and final temperature (a higher final 
temperature reduces turbine efficiency) • Therefore, regional variations 
in maximum summertime outfall temperature are not as large as regional 
variations in ambient water temperatures~ 

Seasonal variations in heat rate, temperature rise and outfall 
temperature may be significant but move in opposing directions. That 
is, when the ambient temperature, the maximum outfall temperature and 
the heat rate increase, the temperature rise, in general, falls. In 
many sections of the country, the summer heat rate is higher than the 
winter heat rate because many inefficient peaking plants are run only in 
the summer months. This effect is in addition to the efficiency loss 
created by ambient conditions. The efficiency loss is o~ particular 
concern since peak demand usually coincides with the worst (for power 
generation) ambient conditions, which can cause power shortages. con-
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versely, the wintertime heat rate (usually better than summer) occurs at 
a time when demand is below peak. Therefore, the heat rejected per KWH, 
the total heat rejected, and the maximum outfall temperature are all 
iower. While the tem~erature rise may be higher in the winter, it can 
be ·controlled by increasing the cooling water flow (which was cut back 
for economic reasons to cause the higher rise in the first place). 

Age is a frequently mentioned parameter for the thermal effluent of 
powerplants. distorical~y, plant aging has been a double edged sword. 
The aging process included material and equipment deterioration (turbine 
blade erosion, etc.) which is an absolute loss over a period of time, 
and obsolescence which is a relative deterioration. Recent history 
indicatesz•i; however, that there has been no heat rate improvement on a 
national basis for over a decade. Therefore, heat rate deterioration 
with age is only a function of materi~l deterioration which is much less 
dramatic than the historic cycle improvements. Furthermore, older 
plants are traditionally smaller thari newer plants. With the demand for 
electricity increasing exponentially, the capac~ty required for peaking 
and cycling in a system approaches the capacity of their older plants. 
Therefore, the older ~!ants are usually derated to peaking and cycling 
service while the larger new units are base loaded. Temperature rise is 
not significantly affected by age (Figure B~V-4). While the trend has 
been slightly upward over the years, the increase has been slight 
(largely for thermodynamic reasons). Maximum outfall temperature has 
not changed materially over the years because the two determining 
factors (other than natural conditions) have changed in off setting 
directions. 

Unit capacity has a swall effect on heat rate and virtually no effect on 
temperature rise. The effect on heat rate is due largely to engineering 
and capital cost considerations and to the fact that small plants are 
not usually base loaded. 

Variation with Industzy Grouping 

Nuclear plants reject about SOI more heat to the cooling water per KWH 
than fossil plants. Fossil-fueled plants reject from 101 to 201 of the 
available fuel energy to the atmosphere through the stack. This energy 
leaves the plant in the form of water vapor (heat of vaporization) 
created by burning hydrcgenous fuel ana heated exhaust gases. 

Nuclear plants reject virtually all their heat to the cooling water. If 
this were the only factor, nucl~ar plants of the same efficiency as 
fossil plants would reject from 181 to 431 more heat per lCWH than fossil 
plants. However, nuclear plants of current design (PWR, BWR) cannot 
produce superheated steam for the generation cycle. For this reason, a 
wefl-designed nuclear plant can seldom be expected to exceed a thermal 
efficiency of 341 under even ideal· conditions while well-designed, well­
run fossil plants have achieved thermal efficiencies of up to 391 as an 
average for an entire year•s operation (plant no. 3713)2 8 1. Thus, 
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nuclear plants can be expected to reject more heat than fossil plants 
for thermodynamic reasons. The sum of the~e two effects yields cooling 
water heat rejection requirements in· the range of 50% higher for nuclear 
plants than for fossil plants. The higher heat rejection requirements 
for nuclear plants are usually met by increasing the cooling wat€r flow 
and slightly raising the temperature difference across the condenser. 
This method is practiced to avoid the additional thermodynamic 
inefficiencies assoc1ated with higher outfall temperatures. 

Nuclear plants, then, closely approximate new fossil plants in 
temperature rise and rraximum outfall temperature and are significantly 
higher in cooling water requirements. Fossil-fueled units can be 
divided into three categories, based on hours operated per year. The 
lowest group are operated less than two thousand (2,000) hours per year. 
The intermediate group are operated more than two thousand (2,000) and 
less than six thousand (6,000) hours per year, while the highest groups 
are operated more than six thousand {6,000} hours per year. 

The highest group heat rates average 11.25 million Joules per KWH 
(10,636 BTU/KWH, see Figure B~V-5) with a standard deviation of about 
3.1 million Joules per KWH (2,100 BTU/KWH). Intermediate group heat 
rates average about 13.3 million Joules per KWH (12,494 BTU/KWH, see 
Figure B-V-6) with a standard deviation of about 3.1 million Joules per 
KWH (2,950 BTU/KWH), while the lowest group averages about 16.6 million 
Joules per KWH (15,793 BTU/KWH, see Figure B-V-7) with a standard 
deviation of 4.72 million Joules per KWH (4,480 BTU/KWH). The variation 
in the heat rate mean is over forty-seven percent, with heat rate 
varying inversely with utilization. The variation in cooling water heat 
rejection requirements is clearly higher than the variation in heat rate 
since the major portion of the additional heat must be rejected to the 
cooling water. This is only true when the plant is on-line. If a plant 
is on hot standby, the heat is rejected to the atmosphere through the 
stack. The impact of the increased heat rate is reduced sharply by two 
factors. The units with the higher heat rates are on-line less than the 
most utilized units and produce far less electric power. As a result, 
the total heat rejection per year is far less than for the most utilized 
units. Furthermore, a significant contribution to the high heat rates 
of the less utilized units is the practice of keeping these units on hot 
standby during periods when the probability of peaking demands is high. 
During these periods, these units produce no electricity and, therefore, 
have an infinite heat rate but reject little or no heat to the cooling 
water. Thus, the heat rate figures for the least utilized plants tend 
to be misleading (on the high side) as well as less important than those 
for the most utilized. 

(It should again be noted 
unweighted arithmetic means .. 
produce lower heat rates, 
rejection requirements) • 

that all statistics in this section are 
weighing averages by generation would 

and, therefore, lower cooling water heat 
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condenser temperature rise does not vary with industry categorization 
(for fossil units) • The mean for all three groups (based on hours 
operated per year) is about eight to nine degrees c (15-16 degrees F) 
with a standard deviation of a little under three degrees c (5 degrees 
F). (See Figures B-V-8, B-V-9, and B-V-10). 

Maximum outfall temperature will not vary with industry grouping since 
it is the sum of ambient water temperature (which is unrelated to 
grouping) and temperature rise across the condenser (which does not vary 
with grouping). 

In surrunary, the only waste stream characteristic which varies with 
industry grouping is the quantity of heat rejected to the cooling·water. 
The other characteristics vary with locale, season, etc., and require 
site-by-site evaluaticn to draw any reasonable conclusion. 

Finally, Table B-V-3 summarizes typical waste stream characteristic 
ranges for each grouping. 

~ff luent Heat Charact§!:~£§_!-'.Q.m_Systems Other Th~.2ill 
Condenser Cqo~ipg ~~ 

waste heat from house service water systems and other smaller sources 
can contribute about 1% of the total effluent heat discharged from a 
generating plant. For example, the thermal discharges of one nuclear 
plant (no. 4251) are shown in Table B-V-4. House service water systems 
can be either once-through (nonrecirculatory) or recirculating. Nuclear 
plants have emergency core cooling systems connected to the house 
service water system. Where closed house service water systems are used 
for nuclear plants, u.s. Atomic Energy Commission Safety Guide 27 
requires (indirectly) that sufficient water be stored on-site (storage 
pond) to assure an ultimate heat sink for safety purposes. 
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Table B-V-3 

TYPICAL CHARACTERISTICS OF WASTE HEAT REJECTION 

-.Heat Rate, Heat Rejection to Water' Temperature 
Joule!4i<aw Joule!4I<WH oc 

Grouping x 10 x 10 

Nuclear 1.02 - 1.16 0.12 - a.so 10 - 16 

Fossil (Nat-
ional Average) 1.11 o.5S S.6 
Reference 2Sl 

High Utilization 0.92 - 1.32 o.42 - a.so 4.5-13 

Intermediate 
utilization 1.05 - 1.69 o.53 - 10.7 4.5-13 

Low Utilization 1.05 - 2.1 o.53 - 1.43 4.5-11 

* Note: Calculated by method discussed in this section for fossil-fueled plants 
and from Table B-V-2 for nuclear plants. 

Rise, 



Table B-V-4 

TorAL PLANT THERMAL DISCHARGES 
Plant No. 4251 (nuclear) 

Cooling Water System Flowrate, gpm ~T, OF Heat, Btu/hr x 10-6 

Main Condenser 480,400 26 6,290 

Primary Plant Components 5,800 22 66* 

Secondary Plant Components 11,000 10 55 

Centrifugal Water Chiller 3,000 9 13 

Control Room Air Conditioner 200 10 1 

Steam Generator Blowdown 50 max 120 3 max 
(Discharged 1 hr out of 
every 100 hr) 

* Note: 175 x 10
6 

Btu/hr during plant cooldown once a year. 



PART B 

THERMAL DISCHARGES 

SECTION VI 

SELECTION OF POLLUTANT PARAMETER 

The Act, section 502(6), defines heat as a pollutant. 

The purpose of this analysis is to suggest a functional parameter 
reflecting the level of effluent heat reductions achievable by the 
application of availatle control and treatment technology for steam 
electric powerplants. The determination of a suitable parameter for 
measuring the thermal component of the effluent is an essential part of 
the work in develo~ing effluent limitation guidelines for thermal 
discharges. 

The change that has occurred in the cooling water passing through the 
condenser is an increase in its internal energy. This term is also 
called "heat content". The change in internal energy or heat content is 
a product of the mass rate of water flow, its temperature increase, and 
its average specific heat. 

Both the temperature increase of the cooling water and its discharge 
temperature do not include the quantity of water discharged at this 
temperature level, and thus do not reflect the total energy or heat 
discharged. A parameter based on temperature alone, theref o~e, would 
not be a reflection of the effluent heat in the discharge• To 
adequately evaluate the heat rejection to a receiving waterbody, a 
parameter reflecting total internal energy of the discharge is required. 

The parameter that has been chosen in this report to represent the 
effluent thermal characteristics is the total increase in internal 
energy or heat content of the cooling water. This parameter directly 
reflects that change in the effluent which results in thermal effects. 

The increase in internal energy or heat content of the cooling water is 
a function of the size of the powerplant. In order to compare different 
size plants, the increase in internal energy must be determined per 
kilowatt hour of plant output for each case. The increase in internal 
energy or heat content of the condenser cooling water is determined as 
follows: 

u :: m x c x _! 
KW 

Where u = increase in internal energy of 
condenser cooling water 
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m = mass flow rate of cooling water 

c = specific heat of cooling water 

T = temperature increase of cooling water 

KW = unit power output 

With commonly used sets of units u would be expressed in 
J/KWH (BTU/KWH). Dimensionally, m is exfressed Kg/hr 
(lbs/hr) of cooling water, c = 4.186J/Kg/OC (1 BTU/lb/°F) 
and T is expressed in oc (OF) 

For example, consider a powerplant with the following conditions: 

Power output: KW = 225 x 10 kilowatts 

Cooling water flowrate: m = 2.72 x 10 Kg/hr (6.0 x 10 lbs/hr) 

Temperature increase of cooling water: 

Specific heat of cooling water: c = 4.186 x 10 J/Kg/ 0 c (1 BTU/lbOF) 

The resultant internal energy increase is: 

U = 2.72 1L!.Q_(4.l~~_!.Q_l_{ll.l) = 5626 x 10 J/KWH 
225 x 10 

or in English units: 

u = §al0_2LlQ _ _lll-J1Ql = 533 BTU/KwH 
225 x 10 

This parameter provides a measure of the heat rejected to the receiving 
water body in a manner which can be readily monitored. The only 
quantities in the equaticn requiring measurement are the cooling water 
flow and temperature rise and power output of the unit. Each of these 
can be monitored directly without difficulty and utilized in a straight­
forward manner to comfute the increase in internal energy or heat 
content. 
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PAR'! B 

THERMAL DISCHARGES 

SECTION VII 

CCNTROL AND TREATMENT TECHNOLOGY 

Introduction - -
This section contains a general discussion of the various methods for 
controlling thermal discharge from steam electric power stations. There 
are three methods available to reduce the gross amount of heat rejected 
to receiving waters from the steam electric _power generation process. 
These methods are: 

• process change 
• waste heat utilization 
• cooling water treatment 

Various process changes can be made to the basic Rankine cycle to 
increase its therrral efficiency. These process changes include 
increasing boiler tem~erature and pressure rating, the addition of 
reheat and regenerative cycles and reducing turbine exhaust pressure. 
In addition, the Rankine cycle can be replaced with other forins of 
generation which are inherently non-polluting. several of these new 
forms of generation are already available, such as the gas turbine 
Brayton cycle and the combined cycle plant. Looking to the future, 
transfer of gas turbine technology from the aerospace industry offers 
the promise of gross plant thermal efficiencies approaching SOS in the 
latter part of the decade. Since the gas turbine is air cooled, its 
increased use can significantly reduce heat rejection to receiving 
waters. 

The replacement of the conventional Rankine steam plant with other forms 
of power generation is also receiving increased attention. It is 
anticipated that conservation of available energy resources will require 
larger expenditures in ccal research and in the development of new power 
generation technologies which do not require fluid fossil fuel. These 
new generation technologies include solar generation, fuel cells, MHD 
and geothermal power. In the nuclear power field~ the production of a 
demonstrator breeder reactor by the end of the decad·e will lead to 
higher thermal efficiencies in nuclear ~ower generation. 

The utilization of portions of heat contained in the discharge of 
condenser cooling water can reduce the amount of heat rejected from 
steam electric powerplants. There are two different ways in which power 
station waste heat can be beneficially employed by others. This first 
is to use the low grade heat contained in the condenser cooling water 
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itself. several small-scale projects for utilizing low-grade heat 
(mostly for agriculture and aquaculture purposes) will be described, 
Other uses for partially expanded steam (extraction steam utilization) 
for industrial process steam, space heating and cooling, and water 
desalting have been practiced at several locations in conjunction with 
electric power generation. The use of extraction steam methods 
generally involves a degradation of the power cycle since the steam at 
the extraction point has significant enthalpy remaining. Because of 
this lo~s of cycle efficiency, extraction steam utilization tends to 
raise the heat discharged as measured in Joules/KWH. It is necessary in 
evaluating this type cf alternate use of steam to · combine both the 
powerplant and the alternate use to determine the benefits derived. 

The major weakness of most programs of low-grade heat utilization and 
single-purpose extraction steam utilization is that many of the 
alternate uses of the available heat are seasonal. This means that the 
additional costs associated with providing the steam distribution 
systems must be written off over·relatively few hours during the year, 
It also means that the full amount of heat must be discharged to the 
wat€rway during those reriods when the secondary heat consumers are not 
operating. This weakness largely def eats the purpose of employing low­
grade heat utilization systems. The total energy concept seeks to 
overcome this shortcoming by aggregating all uses of heat in a region to 
fully utilize available energy on a year-round basis. Most total energy 
systems in this country are' small, consisting of individual shopping 
centers, educational complexes and commercial developments. Larger 
total energy systems exist in Europe. It is felt that the rapidly 
increasing cost of energy brought about by greater worldwide competition 
for the earth's rerraining fossil-fuel resources will make the total 
energy concept more attractive in the future. several different waste 
heat utilization projects will be described. 

A number of different technologies have been applied to condenser 
cooling water discharges to reduce heat rejected to the waterways. 
Three basic tr~atment options are available; open cooling systems, 
closed cooling systems, and combinations of the two. Open cooling 
systems discharge the full condenser flow follating supplemental 
cooling. Closed systems recycle the bulk of the circulating water flow 
back to the condenser following sup~lemental cooling and discharge a 
small fraction as blo'Ndown to control salinity buildup in the system. 

Open cooling systems employing evaporative cooling have the basic 
disadvantage of not teing able to maintain a desired level of treatment 
year-round due to seasonal variations in wet bulb temperature. open 
cooling systems have a distinct advantage over closed systems in that 
they do not affect the turbine backFressure. A closed cooling system 
can produce a low- level heat discharge year-round at the expense of 
increased turbine backpressures. Increasing turbine backpressure 
entails increased station cost above the cost associated with the 
cooling system. These additional costs are incurred to buy replacement 
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power for those periods when the station (because of high backpressures) 
cannot produce its rated capacity (capacity penalty) and also to pay for 
increased fuel cost for less efficient turbine perform•nce (energy 
penalty) • Both open systems and closed systems require additional power 
to operate pumps, fans, etc., which affects station capacity and fuel 
cost to some degree. Incremental capacity and fuel costs are higher for 
backf itting existing units than for new units. 

Most existing treatment of condenser cooling water has been designed to 
operate in a recycle mode. These systems have generally been installed 
where sufficient water for once-through cooling was unavailable. Some 
closed systems are designed to allow open system operation for a portion 
of the year. All of the available cooling water treatment technologies 
will be described in this section. 

Process_£b!ng~ 

In order to properly understand both the problems and possible solutions 
regarding thermal discharges from powerplants, it is necessary to review 
a few essential thermodynamic principles. Only those principles that 
directly relate to the situation -being investigated will be discussed. 
They will be presented in simplified terms, allowing a small relaxation 
of rigorous scientific exactitude. 

The discussion is presented in three steps. First presented are 
pr~nciples, and then shown how they affect the steam electric powerplant 
cycle. Next, historic.developments are reviewed, relating them to the 
principles. This is important to understanding some approaches to 
improving plants in regard to thermal effects. Finally, we have related 
principles as guides to possible new types of power generating systems 
with improved thermal effects characteristics. 

Thermodynamics is the study of the conversion of energy from one form to 
another, particularly the forms of energy called "heat" and 11 work 11 • The 
purpose of a steam electric powerplant is to convert heat into work or 
power, which is the rate of work. Thus, steam electric powerplants are 
directly concerned with thermodynamics. Important questions to pose 
about this process of getting work from heat are: 

1. How can we increase the amount of work obtainable from a given 
amount of heat? 

2. Is there a limit to how much work obtainable from a given amount of 
heat? 

3. What happens to the heat that is not converted into work? 

Thermodynamics is based largely on 
"First Law" and 11 second Law". 

two laws. These are 
Before stating these 
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necessary to include a few definitions of words or phrases used in the 
statements of these laws, or in explaining them. 

Heat engine (powerplant) - a device or plant used to convert heat into 
work. 

Energy - the ability to do work. Heat and work are both forms of 
energy. Work may appear as mechanical energy (such as the rotation of a 
wheel) or electrical energy. 

Cycle - the processes or changes which the working fluid of heat engine 
(powerplant) goes through. 

Efficiency - the proportion of energy input (heat) to a powerplant which 
is converted to energy cutput (work). 

Reservoir - an energy source or an energy receiver. 

There are a number of ways of stating the laws of thermodynamics. We 
have chosen a special phrasing that seems most applicable to this study. 
It should be remembered that this is a restricted non-rigorous 
statement. 

First Law - the total energy supplied to a powerplant must be removed 
from the plant. 

This statement is akin to the conservation of energy interpretation of 
the First Law, i.e., there must be a budget or accounting of the energy, 
and this budget must talance. 

Figure B-VII-1 shows a simplified example of the energy flow for a power 
producing engine or plant. 

The powerplant receives energy in the form of heat from combustion of 
fossil fuels, or from nuclear reaction. Some of ·this energy is 
converted to a useful output in the form of work (electricity). There 
is also heat energy cutput from the plant. This is mainly the energy 
associated with thermal discharge to receiving waters. 

The First Law, which requires an energy balance, thus can be stated in 
equational form for this example as: 

Energy In (Heat) = Energy out (Work) + Energy out (Heat) 
or rearranging Energy out (Heat) = Energy In (Heat) -
Energy Out (Work) 

The importance of this for thermal discharges is 
proportion of Heat Energy In that is converted to Work 
determined, the remainder is a source of thermal 
example, in Figure B-VII-2 relative values of energy are 
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hypothetical powerplant. For this plant, for every 100 uni ts of energy 
input, 40 uni ts are converted to useful work. The First Law reveals 
that inexorably there are 60 units of energy that must be rejected to 
the surroundings. (The relative values in this example are close to 
those typical of modern steam electric powerplants) • 

Note however, that the First Law does not require that any heat be 
rejected from the powerplant. It only says that we cannot produce more 
energy in the form of work than the quantity of energy (in the form of 
heat) supplied. At this point, the following might be asked: 

"Does the energy rejected have to be in the form of heat?" "Can we 
build a plant with a better efficiency than in the example cited, 
which seems pretty inefficient (40%) ?" "Is there any limit on 
efficiency, other than economic considerations? This is, can we 
reduce the heat rejected to the environment, without limit?". 

such questions have important implications. They lead to a statement of 
the second Law of Thermodynamics: 

"It is impossible for a powert:lant to receive heat energy from a 
source and to produce the same amount of energy as work." 

It might be noted at this point that the Second Law of Thermodynamics 
cannot be proven frcm other principles. It is a conclusion reached by 
experience: observation and experimentation. We can picture a 
powerplant that would violate the second Law as stated in Figure B-VII-
3. Note that it does not violate the First Law. In order to bring this 
powerplant into conformity with the Second Law, we try to rearrange its 
operation as shown in Figure B-VII-4. We are not producing the same 
amount of energy as work, as was supplied in the form of heat. But now 
we are violating the First Law, as there is an energy unbalance. 

In order to make this plant conform to both laws, we must rearrange its 
operation as shown in Figure B-VII-5. 

The remaining 60 energy units in the form of heat must be rejected to 
the receiver, which is the environment. 

Based on our senses and experience, we are usually psychologically 
comfortable with the First Law. It expresses a principle that a budget 
must balance. Yet the Second Law may seem irrational. There seems to 
be nothing unnatural in having a powerplant receive heat energy and, as 
a result, produce some power with no other results or effects occurring. 
Nevertheless, evidence indicates that such a powerplant cannot be built. 
some heat must be rejected. But how much? Could we build a powerplant 
that is 99% efficient, if we considered it financially feasible, thus 
rejecting a negligible quantity of heat to the environment? 
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There is an upper limit on the efficiency of any powerplant. This limit 
is that provided by a powerplant that operates on a completely 
reversible.cycle. In this type of cycle, the plant receives heat only 
at a constant tem~erature and rejects heat only at a constant 
temperature. In addition, there are no losses such as friction in any 
of the processes taking place. The efficiency of such a powerplant 
depends only on the temperature at which the plant receives heat from 
the source, and the temperature at which it rejects heat to the 
surroundings. 

The efficiency of this type of plant can be determined from the 
following equation: 

where 

Ere = 100 (1-I~> (lJ 
Tl 

Ere = efficiency of reversible cycle powerplant 

Tl = temperature ~t which plant receives heat 
from heat source, expressed in absolute units 

T2 = temperature at which plant rejects heat to 
surroundings expressed in absolute units 

This equation can be derived from the Second Law of Thermodynamics, in a 
somewhat lengthy prccedure. There are a number of these completely 
reversible cycles that have been conceived of. The best known is called 
the Carnot cycle. For this reason, the above efficiency is often called 
the Carnot Efficiency, although any cycle that meets the specified 
conditions will have the same efficiency. 

It will be instructive to determine what the efficiency of a completely 
reversible cycle would be for temperatures_ representative of modern 
steam electric powerplants. The maximum temperature at which a plant 
receives heat is about 6oooc (lOOOOF) • This is a limit resulting from 
the decreasing strength of metals at elevated temperatures. The minimum 
temperature at which a plant rejects heat is about 32oc (90°F). This is 
a limit resulting from the available temperature of normal surroundings, 
unless a plant could reject heat to outer space at absolute zero, -273°c 
(-4600F) • 

Converting these tan~eratures to their absolute values, (degrees 
Rankine), and calculating the efficiency: 

Tl = 1000 + 460 = 1460°R 

T2 = 90 + 460 = 5500R 
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Ere = 100 (1-~) = 621 
1460 

This is the highest efficiency that can be reached by any powerplant 
operating within these temperature limits. The efficiency of the m~t 
modern powerplants incorporating the best technology features, operating 
within these temperature limits, reaches 40%. These modern powerplants 
achieve a quite high efficiency, relative to the maxi.mum. If one does 
not consider the second Law limitations, 40% seems a low figure, and we 
might conclude that great increases in efficiency· could be made "1ith 
reasonable research investment. But in reality, the "perfect" 
powerplant under these conditions is itself only 62% efficient. Thus, 
an actual modern pcwerplant has an efficiency relative to the 
theoretical possible of: 

Relative Efficiency = !Q x 100 = 65% 
64 

Considering additionally, the minimum practical 10sses in each of the 
components in a powerplant, even the relative efficiency of 65% is low 
as an indicator of the likelihood of further improvements in the 
existing steam electric powerplant cycle. In any case, even with the 
best theoretical cycle, the same basic problem would exist of 
discharging large amounts of· waste heat to the surroundings, since only 
about a 33% reduction in present thermal discharges would be 
accomplished. 

Referring to Equation (l), note that the efficiency of the completely 
reversible cycle is increased by raising Tl or lowering T2; and that 
100% efficiency can be achieved only with an absolute zero temperature 
T2, or approa~hed with an infinite temperature T1. 

History of the steam Electric Power Plant Cycle 

In this section, we will outline the chronological development of the 
thermodynamic cycle of the steam electric powerplant. The purpose of 
this approach is to indicate what methods have been developed to improve 
cycle efficiency, and indirectly reduce the heat .discharged to the 
environment. This will aid in understanding problems and possible 
directions for future cycle improvements. 

The discussion should begin with a description of a completely 
reversible cycle, as it is the best theoretically achievable. In this 
way, each actual powerplant development may be compared to the paragon. 

The Carnot cycle is chosen as the completely reversible cycle to 
describe. Figure B-VII-6 shows the basic components of the Carnot stean 
powerplant cycle: bciler, turbine, condenser and compressor. Tha 
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components are connected by piping as shown, with the direction of flow 
of the fluid between them as indicated. 

The heat source may be cQmbustion of fossil fuel or nuclear reaction (or 
recently geothermal heat). Heat is transferred from the source to water 
in the boiler. The water enters the boile~ in a saturated liquid 
condition. This means that it is at a temperature where it will begin 
to boil when heated. It does not need to be heated up to boil~g 
temperature. The water is completely evaporated, and it leaves as 
saturated steam. This means· that it has been completely converted .to 
vapor, but its temperature has not increased. (Further heating of the 
vapor to a higher temperature produces superheated steam). 

The steam then flows to a steam turbine, where its energy is used to 
rotate a shaft and generate power. In so doing, the steam temperature 
and pressure 1 drop considerably in the turbine. Steam leaving the 
turbine flows to the condenser, where heat is removed from it. 

The condenser removes enough heat to partially condense the steam 
entering. Thus a mixture of liquid and vapor leaves the condenser. 'Ihe 
temperature of the condensing steam does not change during the process. 
This mixture is then compressed in a com~ressor. This compression 
process raises the temperature and pressure of the fluid, and also 
causes the condensation of the remaining vapor. The result is that the 
fluid leaves the compressor at the pre~determined conditions set for the 
boiler, as a saturated liquid. Note that power is required to operate 
the compressor. 

As heat is added in the boiler at a constant temperature and removed in 
the condenser at a constant temperature, and assuming no losses in any 
equipment, the cycle will be a completely reversible one, with t!le 
maximum efficiency possible for the temperatures specified. 

With this paragon continually in mind as a reference standard, let ~s 
now turn to the hist er ical development of the actual cycles used in the 
steam electric powerplant. We have observed that the cycle 
modifications and developments improved efficiency, usually however, at 
the expense of increased plant complexity. We also note that the 
developments brought the actual cycle closer to some of the features of 
the Carnot cycle, which being the best fOSsible, is not a surprising 
development. Yet the Carnot cycle itself has great practical 
deficiencies. 

It is worth noting that the development of the cycle was largely 
accomplished by inventive-minded engineers, and to a great extent at a 
time before thermodynamics was a fully understood or applied science. 
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Rankine cycle 

Named after the engineer w. J. M. Rankine (1820-1872), Professor at the 
University of Glasgow, the components and flow for this cycle are shown 
in Figure B-VII-7. 

The cycle has four basic components: boiler, turbine, condenser and 
pump. A heat source furnishes heat to the boiler. water entering the 
boiler is first heated up to its saturation temperature and then 
evaporated completely. The steam flows 
to the turbine where its energy is used to rotate a shaft and generate 
power. The steam leaves the turbine at a lower temperature and 
pressure, and flows to the condenser. Here the steam is completely 
condensed to liquid water by removing heat. A pump delivers the 
feedwater to the boiler at the boiler pressure. some of the heat is 
added in the boiler to the water, which is at a temperature lower than 
it would be in the boiler in a Carnot cycle at the same maximum 
~emperature. Thus the efficiency of the Rankine cycle will be lower 
than that of the Carnet cycle. 

Rankine cycle with su~erheat 

Even at very high pressures, the boiling temperature of water is 
considerably lower than can be achieved in the boiler, with present 
technology. Recalling the fact that the higher the temperature at which 
heat is added to the plant, the greater the efficiency, this means that 
with the Rankine cycle, efficiency is unnecessarily restricted. 

A relatively simple means of improving this situation is to superheat 
the steam. A schematic flow diagram of the Rankine Cycle with superheat 
is shown in Figure B-VII-8. After the water has been completely 
evaporated, the steam is superheated to a higher temperature, within 
metallurgical limits. As the average temperature at which heat is 
supplied to the plant is higher than with the simple Rankine cycle, a 

1higher efficiency will result. 

Regenerative Cycle 

With the Rankine cycle, water entering the boiler is at a relatively low 
temperature, i.e. the temperature at which it is condensed in the 
condenser. As with the Carnot cycle, the lower the condensing 
temperature, the greater the efficiency. However, with the Rankine 
cycle, having this cocl water entering the boiler means that a good part 
of the heat is added to the working fluid at an average temperature 
considerably below the maximum. 

If the average tem~erature at which heat is added could be increased, 
the cycle efficiency would im~rove. This is the basis for the 
regenerative cycle. A schematic flow diagram with components for one 
version of the regenerative cycle shown in Figure B-VII-9. 
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In this cycle, the boiler feed water is preheated in a heater before 
entering the boiler, by means of steam at an intermediate temperature 
and pressure bled from the steam turbine. The water entering the boiler 
is therefore at a higher temperature than it would be with the Rankine 
cycle. The heat added from the external source will now be added in the 
boile+ at a higher average temperature, and the cycle efficiency will be 
highef· 

To increase the efficiency still further, a few heaters in series can be 
used, with steam bled from the turbine at progressively different 
conditions. Of course, the complexity and cost of the plant increases 
with more heaters. 

As the number of f eedwater heating stages increases, the regenerative 
cycle more closely ap~roaches the Carnot cycle, because less of the heat 
is added externally at lower than maximum temperatures (more is being 
added internally - hence the word regenerative) • The question naturally 
arises as to why the Carnot cycle itself is not used, as it has a 
greater efficiency, and would avoid the complexity and expen·se of the 
feedwater heating stages. 

In actual conditions, the Carnot cycle applied to real equipment would 
have a poor efficiency. The turbines, pumps and compressors have losses 
due to mechanical friction, fluid turbulence and similar phenomenae. 
Thus the pump and compre5sor will require more power to operate than 
under ideal conditions. It 1s the nature of the Carnot cycle that the 
compressor is a very large power consuming device. In a real plant, the 
actual power to operate this com~ressor woulq reduce the actual plant 
efficiency considerably. The Rankine cycle does not suffer from this 
shortcoming, as the pump requires relatively only a small amount of 
power. 

Reheat cycle 

As the steam expands in the turbine, in addition to its temperature and 
pressure dropping, it begins to condense. The result is that in the 
latter stages of the turbine liquid water droplets form. Only a small 
amount of moisture can be tolerated, due to possible erosion of the 
turbine blades and reduction of turbine efficiency. Depending on the 
inlet temperature and pressure, if the designer attempts to use the 
minimum condensing temperature available, the moisture content in the 
turbine might be excessive. In that case, he would have to design the 
Rankine or regenerative cycle with a higher condensing temperature and 
s~ffer a loss of efficiency. 

A method of overcoming this difficulty is with the reheat cycle. Figure 
B-VII-10 is a flow diagram of a typical reheat cycle. 

Steam leaving the superheater enters a high pressure turbine. The steam 
does not expand in this turbine to a temperature low enough to create 
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excess moisture. The steam leaving the tuEbine is reheated at the lower 
pressure back to a high temperature. It then flows to a low pressure 
turbine where it can be expanded down to the minimum condensing 
temperature without excess moisture being created in the turbine. The 
reheat cycle can be combined with the regenerative cycle also, in a 
similar manner. 

Historical Process Changes 

Changes in existing processes or their conditions may be considered as a 
possible way to improve plant heat rate and thus reduce heat rejection. 
It is worthwhile tc see how the plant heat rate has already been 
improved by such changes up to the present time. and then to view the 
progress for further improvements. 

By the 1920's typical plants used steam pressure~ and temperatures 
reaching about 1900 kN/rn2 (275 psi) and 293oc (5600F). The improved 
equipment and materials that became available in the decade enabled 
pressures and temperatures to be increased to the neighborhood of 3792 
kN/~2 (550 psi) and 343°c (650°F), resulting in increased efficiency. 
Expansion in the turbine from these conditions, however, resulted in 
excessive moisture in the turbine, and as a result these plants adopted 
the reheat cycle. 

By the 1930's further material improvements resulted in the availability 
of steam :Eressures and temperatures of about 6205 kN/M2 (900 psi) and 
492oc (900°F). Under these conditions, expansion in the turbine occurs 
down to minimum condensing pressure without excessive moisture, and as a 
result plants were typically designed without reheat. 

Further material improvements since the l930's resulted in higher 
available steam pressures. A pressure of 17200 kN/m2 (2500 psi) and 
temperature of 53aoc (lOOOOF) might be typical today. This increase in 
pressure with correspondingly little increase in temperature would 
result in a ccndition of excessive moisture if full expansion were taken 
in the turbine in one pass. Because of this, reheat has been adopted 
again in recent decades. In addition, higher fuel costs justify the 
increase in efficiency gained from reheat. Generally only one stage 
(single) reheat is economical. For plants that are designed to operate 
at supercritical pressures 2400 kN/m2 (3500 psi), however, double reheat 
may be justifiable. 'Iriple reheat has not been found economically 
feasible under any ccnditions. Along with these developments, adoption 
of the regenerative cycle had become standard due to its increased 
efficiency over the Rankine cycle. The efficiency increases with the 
number (stages) of f eedwater heaters used, but of course the plant 
initial cost increases correspondingly. For large plants, p~esent costs 
justify 7 or 8 stages of heating. 
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Process Changes for Existing Plants 

A summary of possible individual changes in existing plants is shown in 
Table B-VII-1, Efficiency Improvements. Included in this table are 
approximate estimates of the improvement resulting from the change, the 
work required to effect· it, estimates of outage time that the plant will 
be down to make changes, and approximate capital costs. These figures 
are quite approximate, because they actually vary with existing plant 
conditions. 

Feedwater Heaters 

Addition of one heater improves the heat rate about 285 kJ/ KWH (270 
BTU/KWH), perhaps 2%. Further heaters would improve the heat rate by a 
succeedingly smaller amount. Turbine modifications would probably be 
required. 

Reduce Backpressure (Condensing Pressure) 

This is accomplished by increasing the velocity of water in the 
condenser tubes, which results in better heat transfer and thus lower 
condensing temperature and pressure. The degree to which this 
improvement can be effected is small. Tubes must be changed to take the 
higher velocities without erosion, but this is limited. In any case, 
the increased pumping power would offset part, if not all, of the gain 
in efficiency. 

Increase Steam Temperature 

Small increases might be accomplished with boiler and main steam piping 
modifications. Larger increase$ require turbine replacement also. In 
any case, the maximum steam temperature practical at the present level 
of technology is about 54ooc (1000 oF). 

Increase Steam Pressure 

Improvements in efficiency 
increasing steam presEUres. 
the plant is required. 

Reheat 

of the order shown may be accomplished by 
However, extensive replacement of much of 

On lower pressure units, 10000 kN/m2 (1450 psi and less), the efficiency 
gain from reheat is less than for higher pressure units, 12400 kN/m2 
(1800 psi and higher}. The gains and work required are as shown in 
Table B-VII-1. The extent of work a~proaches a complete re~lacement of 
the plant. 
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N 
l.O 
-....J 

Modification 
Improvement 
in Heat Rate Work Regu ired 

TABLE B-vn-l 
EFFICIENCY IMPROVEMENTS 

Outage 
Time Cost 

Add Feedwater 270 Btu/Htr. 
Heaters 

Replace turbine, add 
heater and piping 

8 mos. $25/KW 

Lower Back 
Pressure 
(Pump more 
c. w.) 

Increase 
Steam 
Temperature 

Increase 
Steam 
Temperature 

Add 
Reheat 

1%/0.5"Hg 

0. 8",.{,/50° 

Change condenser tubes for 
higher velocity. Add new 
circulating water pumps 
with new intake bays and 
piping as reguired. 

Possibility of boiler 
modification to obtain 
~25°F. Some modification 
of turbine will be required. 
Main steam piping will have 

2 mos. $6-8/KW 

3 mos. $6-8/KW 

!~-~~-~~~~~~~~~-------------------------------------

1450-lSOOpsig 
=l. 7%; 1800-
2400ps ig=2. 0%; 
2400-3500 psig 
=l.7% 

For 50-l00°F increase 
make extensive modifi­
cation to boiler(or replace) 
and replace turbine plus 
steam piping. Turbine 
pedestal modifications will 
also be re uired. 

Replace boiler, turbine, 
steam and feedwater piping, 
some changes to feedwater 
heaters. Modify turbine 
pedestal and install new 
feedwater um s. 

3-4% for units Replace boiler.turbine 
operating at and hot reheat piping, 
1800 psi and rebuild turbine pedestal, 
above. modify boiler controls, 
2-3% for units modify condenser and make 
operating at changes to feedwater 
1200-1450 psi heating system. 

8-16 mos. $35-50/KW 

16 mos. $60-80/KW 

24 mos. $100/KW 

Remarks 

For same steam flow the unit output 
would be reduced by 5%. Charge 
required for replacement energy. 

Limit of improvement is in the order 
0.25"Hg and any gain would probably 
be lost to increase pump power. 

Practical limit for steam temperature 
is l000°F. Limitation primarily due 
to boiler, however turbine also poses 
problems 

Increases of 3-5% possible without 
modification.However,this will not 
increase cycle efficiency because the 
turbine is designed for maximum 
efficiency at rated pressure. 

Typical new reheat unit would be 75MW 
or less in size and would operate at 
1450 psi and 950°F. 



Increased Cooling Gas Pressure 

By increasing the pressure of the hydrogen gas used for cooling the 
generator, it would .te possible to produce slightly more power from the 
generator, with higher input. 

Drain coolers 

Cycle efficiency may te improved slightly by the addition of drain 
coolers to the existing feedwater heating system, if not already 
included. Figure B-VII-11 shows this arrangement. The drain cooler 
takes the hot condensate from the feedwater heater and uses it to 
preheat the feedwater leaving the condenser. In this way the cycle 
efficiency is increased slightly. 

/ 

Drains Pumped Forward 

Cycle efficiency may be improved slightly by pumping the feedwater 
drains forward, instead of draining it back to the condenser. Figure B­
VII-12 shows this arrangement. Note that an additional pump is required 
for pumping the drains. 

Superposed Plants 

A method of improving the efficiency of older plants that has met with 
some success is the superposition of a higher pressure and temperature 
system on top of the existing plant. A new boiler, turbine, feedwater 
heaters and pumps are added to the plant, exhausting steam to the old 
turbine at its design conditions (Figure B-VII-13). The new boiler may 
replace the old boiler .or supplement it. The advantage of this 
procedure is that the existing turbine and condenser are retained, and 
made use of. Economical upgrades of a number of plants were carried out 
in this way in the 1930 1 s. It is doubtful that this approach would be 
economically justifiable under existing capital cost conditions. 

complete Plant Upgrading 

Consider a typical non-reheat unit, rated at 75 MW, to be upgraded to 
get a turbine cycle heat rate of approximately 8,450 kJ/KWH (8,000 
BTU/KWH) • The following changes would be required: 

1. Raise pressure to 16,500 KN/m2 (2,400 psi) 

2. Increase superheat temperature to 537oc (l,oqooF) 

3. Add reheat to 5370 (l,OOOOF) 

4. Modify the regenerative feedwater heating cycle 

To make these changes, the following work is required: 

1. New boiler, turbine and boiler feed pumps 
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2. New steam and feedwater piping 

3. New boiler controls 

4. New feedwater heaters 

5. Add cold and hot reheat piping 

6. Rebuild the turbine pedestal 

7. Modify the condenser 

8. Modify parts of the turbine building and rebuild the boiler building 

The cost of all this work would be at least as much ~s that of a new 
plant, as that is what it involves. It is estimated that a 2-3 year 
plant outage would be required for the work. 

Future Improvements in Present Cycles 

At the present time, maKimum steam temperatures are limited to about 
537°c (l,OOOOF). Tem~eratures above this requires changes in the type 
of steel used in boiler tubing, piping and in turbines that greatly 
increase plant costs. There is a general consensus in the utility 
industry that significant increases in steam temperature are not 
forthcoming in the imrrediate future. 

Most of the average size units being installed at the present time, in 
the 300 to 600 MW size range, are at a pressure level of around 17,200 
KN/m2 (2,500 psi). A significant increase to supercritical pressures, 
around 24,100 KN/m2 (3,500 psi) is being used for some of the larger 
units. A cycle efficiency improvement of about 1.5 to 2.0% occurs with 
this pressure increase. 

Gas cycles 

In addition to the steam vapor powerplant cycle, gas cycles may be 
considered for generating electric power. These plants usually operate 
on the Brayton (Joule) cycle or some modification of this cycle. Figure 
B-VII-14 indicates an arrangement of components, and the gas flow. 

Air is drawn into the compressor. After compression the air flows to a 
combustor where a gaseous or liquid fuel is burned in the air. The 
products of combustion at high temperature and pressure flow through the 
turbine and generate p::>wer. This cycle may have a relatively low 
thermal efficiency, even though heat is added at a relatively high 
temperature. This is because the gases discharged from the turbine are 
still at a quite high temperature. To overcome this a regenerative heat 
exchanger is added to the cycle, as shown in Figure B-VII-15. 
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The effect is to preheat the compressed air before combustion, utilizing 
the waste gas, thus increasing cycle efficiency. 

Further refinements can be made by adding intercooling between 
compressor stages and by reheating, using a second combustion chamber. 
With these refinements the efficiency of the cycle may increase fllrther. 

Gas cycle power generation precludes any significant thermal wastewater, 
as the main effluent is a gas. 

Gas cycle Plants - Base Power 

Plants using gas cycles are used for case power today only in special 
applications. The cycle efficiency does not equal that of the steam 
vapor cycles. Gas turtines are not available in sizes adequate for the 
larger units of present pcwerplant design. 

Present development of turbines and other plant components to withstand 
higher temperatures may make the gas cycle more attractive in future 
decades. 

Gas cycle Plants - Peaking Power 

The gas turbine cycle is used today for purposes of peaking power. The 
structure of some power system loads is such that there is a base load 
plus short term requirements for peaks aEove that load. A gas turbine 
plant addition is a natural consideration for this use. A relatively 
inefficient cycle can be used, becaus·e of the short periods of use. The 
incremental capital cost of the plant addition is low. 

The result of this arrangement is no increase in the thermal wastewater 
discharge for the additional power generated. However this holds only 
for the incremental power and only during the short time period that the 
peaking equipment produces this power. 

Combined Gas - steam Plants 

An efficient combination can be obtained by utilizing the high 
temperature at which heat is added to the plant in the gas cycle and the 
low temperature at which heat is rejected from the plant in the steam 
cycle. An example of the plant component arrangement is shown in Figure 
B-VII-16. 

The combined cycle has proven advantageous as a method of up-grading 
existing older steam plants. Usually the situation is one where the 
existing boilers need replacement or ve~y extensive rebuilding. The 
efficiency of the existing plant is usually not high, as.the steam 
temperatures and pressure are considerably lc:Mer than those possible 
today. The modernization procedure usually consists of replacing 
existing boilers with gas turbine exhaust heat boilers which supply 
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steam to the existing steam turbines. 
such an arrangement might increase 5 
thermal discharge correspondingly. 

The overall plant efficiency of 
to 10%, thereby reducing the 

Plant No. 3708 has up-graded part of its plant with such a combined 
system. The result has been to reduce the heat rate on that part of the 
plant from 14,770 kJ/KWH (14,000 BTU/KWH) to 11,610 kJ/KWH (11,000 
BTU/KWH) • 

The combined gas-steam cycle has also been chosen in some new plants 
recently. The overall ~lant efficiency is approximately the same as 
that which would be achieved with a modern steam plant. However, gas 
turbines that will withstand significantly greater temperatures are 
expected to be available within a few years. Higher temperatures are 
already in use in aircraft gas turbines, and the spin-off in technology 
should follow as it has previously. This is estimated to result in 
cycle efficiency improvements of 5 to 10% for the next generation of 
combined gas-steam plants over the best steam plants today. The present 
design of steam plants is not expected to improve by a similar increase 
of temperature. Technological improvements in boilers to match those of 
gas turbines are not exi:ected. If such developments occured, 
it seems likely that the resultant steam plant would not economically 
compete with the combined plant. 

Future Generation Processes 

:Binary Topping Cycles 

: With steam vapor cycles, much of the heat is added to the plant at lower 
; temperatures than the rraximum possible. This heat is largely useq to 
·evaporate the water. Vaporization of water cannot take place above 
:374oc (70SOF), therefore this inefficient heat addition process cannot 
: be avoided. 

·To overcome this defect, plants using two fluids, each in· a separate 
i cycle, have been conceived. An example is the mercury-steam binary 
cycle. Mercury is used in the topping cycle, steam in the bottom (lower 

itemperature) cycle. Heat can be added to the mercury at practically the 
: highest temperature metallurgically permissible. A few powerplants have 
!been constructed using this arrangement. 
' 

·Although this cycle has an inherently higher efficiency than with the 
steam cycle alone, serious disadvantages have led to its demise. 
Mercury is extremely expensive and highly toxic. Some operating 
problems were not satisfactorily resolved in the plants built. 
Theoretical interest ras been shown in using other fluids for the 
topping cycle (e.g., i:otassium) but developmental work has been limited. 
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Geothermal steam 

Geological conditions in certain locations provide a natural source of 
steam from the earth's heat. The steam can be used in a conventional 
power turbine. The thermal discharge.rejected from the plant has less 
internal energy than the steam, so there is a net negative thermal 
discharge. However, the disposed waste heat could still be in an 
objectionable form and location. The use of this power source is 
practicably confined to only a few locations on the earth, and thus does 
not affect thermal discharges generally. 

MHD 

Magnetohydrodynamics {MHD) is a 
different from the steam cycle. An 
moved at high velocity through 
directly generates electricity in 
status of this phenomenon for 
development stages only-

Fuel Cells 

principle of producing power quite 
electrically conducting hot gas is 
a magnetic field, a procedure that 
a surrounding coi 1. The present 

power production is in experimental 

The efficiency of a fuel cell is not limited to that of the Carnot 
cycle, as it does not receive its energy by means of conversion of heat 
energy to work. Energy is converted directly from chemical to 
electrical energy. Fuel cells have been commercially developed for 
certain applications in small power requirements, but at the present 
time there is no prospect for large units on the scale of steam power­
plants. 

Waste B~Utilizatio~ 

There are three ways in which heat produced by powerplants might be 
utilized in an alternate manner to reduce the amount of heat rejected to 
receiving waters. ~hese alternate heat consuming methods are as 
follows: 

- utilization of low-grade heat 

- utilization of extraction steam 

- total energy systems 

Utilization of low grade heat 

This process means the use of the condenser cooling water in the 
condition it is in as it leaves the condenser. Using low-grade heat in 
this manner is desiral:le because no modification to plant performance is 
required. The disadvantage of this type of system is that the heat 
content of the condenser water that is useable is small and large 
volumes of water must be transported to get a significant quantity of 
heat. Of the several systems of low-grade heat utilization in operation 
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or in various stages of development, most 
aquacultorally oriented. The findings of some 
discussed below. 

Agricultural uses 

are agriculturally 
of these programs 

or 
are 

A considerable amount of related work has been planned by the Tennessee 
valley Authority. TVA has set aside 7,280 hm2 (180 acres) of land at a 
major nuclear installation (Plant No. 0113) for the testing of various 
ways of using waste heat. 

The initial effort at the TVA plant will be concentrated on the 
development of greenhouse technology for the production of high value 
horticultural crops utilizing the condenser discharge water for both 
heating and cooling. The information on these programs has been taken 
from Reference 353. Initial tests will include conventional greenhouse 
crops such as lettuce, tomatoes, cucumbers, and radishes. Later work 
will include such crops as strawberries for the fresh out-of-season 
market. Eventually, a mix of crops which fits well in sequence during 
the year with production and marketing conditions and which grow well in 
the greenhouse climate will be determined. 

Preliminary calculatiais have been made of several crop combinations to 
obtain an estimate cf the potential sale value per acre of greenhouse. 
The data indicate gross sale potential of from $40,000 to $60,000 per 
40.5 hm2 (acre) per year is obtainable depending on crop mix. The 
savings in fuel cost alone in utilizing the waste heat in this manner 
may be upwards of $10,000 per 40.5 hmZ (acre) per year. Calculations 
show that the developrrent of 1,300 hm2 (32 acres) of greenhouse tomato 
production and 2,350 hmZ (58 acres) of lettuce would utilize about 61 of 
the available condenser water at the plant, and provide about 1.41 of 
the total requirements for these products in the southeast. The lettuce 
production would amount to 30 percent of that now shipped into the 
combined Atlanta, Memphis, Nashville, and Birmingham markets. TVA is 
also planning other projects for agricultural use of waste heat for 
subsurface heating cf the ground, and also utilizing the greenhouse 
concept for the raising of pork and poultry. These programs are not 
very far advanced at this point. 

A similar study of greenhouse use of waste heat has been performed by 
the AEX: and is reported in Reference 351. This study centered on the 
use of waste heat from a new high-temperature gas-cooled reactor located 
in the Denver vicinity. The study concluded that the cost of equipment 
required to utilize the warm water was in the range of the cost of heat­
ing systems for conventional greenhouses. Since the cost of heating 
greenhouses in the Denver area is over $5,000 per year, the potential 

.value of the heat being wasted is greater than $1,000,000 per year. 
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Aquaculture 

The use of low-grade heat to improve the yields and productivity for 
fish and seafood si;:ecies is called aquaculture. Basic data indicate 
that catfish grow three times faster at 28.3°c (83°F) than at 24.4oc 
(760F). Similarly, shrimp growth is increased by about 80% when water 
is maintained at 26.6oc (8QOF) instead of 21.1°c (70°F). 

several commercial operations of this type are in existence in the u.s. 
utilizing waste heat from powerplants. A commercial oyster farming 
operation is in existance on Long Island, N.Y. using the thermal 
effluent from powerplant No. 3621. Normal growing periods of four years 
have been reduced to 2.5 years by selective breeding, spawning, larvae 
growth and seeding oysters in the hatchery. This avoids reliance on 
variable natural conditions and permits accelerated growth in the 
thermal effluent discharge lagoon over a period of about 4-6 months when 
the water would other~ise be too cold for maximum growth. The product 
is marketed for $15-20/bushel (1971) which is the upper end of the 
wholesale price range. 

catfish have been cultured in cages set into the thermal discharge canal 
of a fossil-fueled plant (plant No. 4815) located in Texas. During the 
winter of 1969-70 growth rates achieved were equivalent to 2250 Kg/hm2-
year (200,000 lb/acre-year). This is comparable to the yields of 
rainbow trout culture in moving water. 'Ihe Texas operation is now on a 
commercial basis. 

TVA also operates a small-scale catfish raising facility at its waste 
heat complex. Results from the first year's operation confirmed that 
the growth rate of the catfish was significantly enhanced by the 
addition of the heated water and that the growing season was 
significantly lengthened. However, several problems prevented expansion 
to a commercial scale operation. Feed loss and mortality rates were 
high. Water quality studies showed that high intensity production of 
catfish generated substantial quantities of waste material and that the 
equivalent of secondary treatment would be necessary before the 
facilities could be expanded. 

The major weaknesses of low-grade heat utilization are the following: 

1. Inability to utilize large quantities of total waste heat 
This is due not only to the capital requirement but also to 
that the product is produced in such quantities that it 
market demand. 

available. 
the fact 

may exceed 

2. Uses are seasonal which require either the dumping of waste heat in 
the off season or the building of a cooling tower in addition to the 
waste heat utilization systems. 

3. Inability to provide needed heat when plant is shut -Oown and 
unadaptability of the cultured organisms to rapid temperature change. 
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utilization of Extraction Steam 

Extraction steam utilization increases both the number and the size of 
the p6tential heat users. Table B-VII-2 following shows the total 
annual energy demand by several types of heat using processes in the 
united states. The table is taken from Reference 24. 

The most notable extraction steam heating system is located in downtown 
Manhattan, in which approximately 300 MW of heat is supplied from 
extraction and back pressure turbines. This system has been in 
operation for many years. District heating systems of this type are 
expected to increase in usage in those places where it can be marketed 
successfully for operation of large tonnage air conditioning loads. 

Extraction steam heat utilization is also used to supply industrial 
iprocess steam. The classic case of extraction steam utilization for 
industrial process steam takes place at powerplant No. 3414 located in 
the Northeas~. This plant supplies the bulk of the process steam to an 
adjacent oil refinery. The plant was designed with this capability in 
mind. The alternate utilization scheme increases the efficiency of the 
generation cycle f ran 341 to 54%. This is equivalent to reducing the 
waste.heat rejected to the environment by 251. 

Another form of extraction steam utilization is the use of steam to 
desalt saline or sea water. This type of use is common in arid 
locations and also in many of the small islands in the carribean. 
Unfortunately, ·the quantities of heat consumed by water desalting 
.processes are relatively small. The largest water Qesalting plant in 
operation today has a capacity of only 5.0 million gallons of water per 
day. This would require much less than 11 of the waste heat from a new 
11000 MW nuclear plant • 

. The major disadvantage 0£ extraction steam methods is the necessity of 
:combining the plant and the adjacent steam utilizing process to 
:determine the overall performance of the system. In addition, it is 
difficult to balance the often variable steam requirements with the 
power production process. 

Total Energy systems 

The total energy concept see~s to overcane some of the obvious 
shortcomings of the !cw-grade and extraction steam utilization concepts 
by aggregation of all energy consuming interests in a well defined area. 
Most total energy systems in the United States are relatively small, 
consisting of individual shopping centers, educational complexes and in­
dustrial complexes. The total energy concept is practiced more 
intensively in Europe. 
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Table B-VII-2 
24 

ENERGY DEMAND BY HEAT USING APPLICATIONS (1970) 

Application Supply 
0 

Temperature, F Energy Used, 

Electricity - 4,000 

Space Heat 200 6,000 

Domestic Hot Water 200 1,000 

Industrial Steam 300-400 5,000 

trillion Btu 



A major study conducted by the Oak Ridge National Laboratory, Reference 
No. 350, tested the economic feasibility of a large energy system 
serving a hypothetical new town of 389,000 people. The climate of the 
new town was similar to that of Philadelphia, Pa. The system provided 
in addition to electricity, heat for space heating, hot watert and air 
conditioning for the commercial buildings and portions of the apartment 
buildings. Heat was also available for manufacturing processes and 
desalting of sewage plant effluent for reuse. The study concluded that 
it would be possible in the 1975-1980 period and beyond to supply low 
cost thermal energy from steam electric powerplants to new cities, espe­
cially those in the ~qpulatiai range of 200,000 to 400,000. With 
respect to climate, the cities could be located anywhere in the 
continental United States except perhaps in the most southern portions. 

The use of thermal energy extracted for the turbines of the generating 
plants would be economically attractive. For example, in one 
configuration of a 1980 city with a population of 389,000 people and a 
climate similar to that of Philadelphia, Pennsylvania, the cost of heat 
for space heating and domestic hot water was estimated to be 
approximately $1.98/MBTU.355 This system was considered to be 
competitive in that its use would result in an approximately equal cost 
compared with other systems. It is anticipated that interest in total 
energy systems will increase as the rapidly increasing cost of fuel will 
require corresponding incre~ses in the efficiency of fuel consumption. 

£221.!m~er Treatmfillj; 

General 

steam electric powerplants employ four types of circulating water 
systems to reject tte waste heat represented. by the difference between 
the energy released by the fuel and the electric energy produced by the 
generators. These systems are the once-through system, once-through 
with supplemental cooling of the discharge, closed systems, and 
combinations of the three systems. In a once-through system, the entire 
waste heat is discharged to the receiving body of water. The 
applicability of this system is dependent on the availability of an 
adequate supply of water to carry off the waste heat and the ability of 
the receiving body of water to absorb the· energy. There is no reduction 
of total waste heat energy being discharged by the plant in a once­
through system. 

A once-through systan with supplemental cooling removes a portion of 
heat energy discharged by the plant from the plant effluent and 
transfers this energy directly to the atmosphere. Various devices are 
used to achieve this transfer. A long discharge canal could be a 
cooling device. If a sufficient surf ace area is not aYailable, the rate 
of evaporation per unit area may be increased by installing sprays in 
the discharge canal. If sprays do not provide sufficient ·evaporative 
capacity, cooling towers may be utilized in the supplemental cooling 
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mode. The amount of heat that can be removed. from the circulating water 
discharge is a functicn of atmosphere conditions and the type and size 
of the cooling device provided. 

Recirculating cooling water systems provide a certain type of design ~d 
operational flexibility leading to lower costs that is not available 
with helper systems. The costs of cooling devices are related to their 
size. The use of higher cooling water temperatures allows for the use 
of smaller, less costly cooling devices to transfer the same amount of 
waste heat to the environment. The recirculation to the condensers of 
all, or a part, of the cooling water leaving a cooling device (if its 
temperature exceeds intake cooling water temperature) would elevate all 
temperatures in the system. The result would be that, for a fixed 
system, more waste heat would be transferred to the atmosphere, or, for 
a fixed waste heat load, a smaller and less costly cooling device could 
be used. In any case, the added or reduced costs due to changes in the 
energy conversion efficiency brought about by the changed recirculation 
temperatures would become significant in relation to the extent of the 
temperature changes involved. A further cost savings of recirculating 
cooling water systems would be attributable to the small intake and 
discharge structures. 

A further characteristic of helper systems is that they are designed 
primarily to reduce the temperature of the water discharged and not the 
amount of heat discharged. When recirculation of a portion or all of 
the cooling water is practiced, the temperature of the discharged water 
is actually increased (compared to operating in the helper mode) but the 
effluent heat is reduced (compared to the helper mode) because of the 
reduction in discharge volume. 

Closed circulating water systems are currently in common use in the 
industry, al though in the past the reason for employing closed systems 
has seldom been the elimination of thermal effects, but rather the lack 
of a source of water supply adequate for a nonrecirculating system. 

The following section describes each of these systems in further detail. 

Once-through (Nonrecirculating) Systems 

These are defined as those systems in which the water is removed from 
the water source, pumped through the condenser in one or more passes to 
pick up the rejected heat, and then returned to the water source. These· 
systems are arranged so that the warm water discharged to the receiving 
body of water does net recirculate directly to the intake point. once­
through systems have teen the most prevalent in the United states to 
date. In general, other systems have been used only when sufficient 
water for once-through operation has not been available. The trend has 
been away from the use of once-trrrough systems. Only about one-half of 
all new uni ts are committed to once-through systems, whereas about 80% 
of all existing systems are once-through. 
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The basic design of the once-through, or open, system is shown in Figure 
B-VII-17. The purpose of the intake structure has generally been to 
prevent trash, fish, grass and other materials from entering the 
condenser and either plugging or damaging the condenser tubes, resulting 
in decreased performance or shut down of the unit for repair of 
condenser tubes. In some cases skimmer walls ~re used to insure drawing 
cooling water from deep in the supply source, where the water is colder. 
The pumps required to circulate the water through the condenser are 
normally located at the intake structure. Normally there are several 
pumps for each unit, due to the large flows involved and due to the 
requirement of providing a higher degree of flexibility and safety in 
the operation of the cooling water system. Flows for a single unit can 
exceed 30 m3/sec (500,000 gpm), and some of the large stations require 
over 60 m3/sec (1,000,000 gpm). The total annual use of cooling water 
by steam electric ~owerplants is an amount equivalent to about 15% of 
the total flow of all rivers and streams in the u.s. The cooling water 
flow rates in some ~lants is comparable to the flow rates of some 
rivers. 

The discharge from the condenser can be returned to the source via a 
canal or pipe, depending on the local conditions. The discharge 
structure serves two pur~oses. The first is to return the water in such 
a manner that damage to the stream bank and bottom in the immediate 
vicinity is minimized. The second is to promote the type of thermal 
mixing required. on lakes or estuaries where water velocities are low, 
considerable separation between the intake and outlet structures is 
required to prevent warm water from recirculating directly into the 
intake. 

When compared to closed systems, the water temperature of the 
circulating water in the open system tends to be lower, thereby 
sometimes allowing a higher generating efficiency for the plant with the 
open system. Plant No. 3713 has one of the best heat rates in the 
country, due, in part, to the low inlet water temperature, which does 
not exceed 24oc (750F), during the summer months. This is ·discussed in 
more detail under closed systems. As a result of the above, the best 
plant efficiencies are generally obtained with once-through systems. 

once-through Systems with Supplemental Heat Removal (Helper Systems) 

With the development of the larger generating stations, it has been 
determined in some cases that the large amount of heat rejected to the 
environment by cooling water discharged from these stations could 
seriously affect the water environment. Consequently, in those cases, 
the utilities have been required to re-evaluate their thermal discharge 
systems. one consideration short of recycling condenser cooling water 
would be to remove heat from the nonrecirculating system prior to 
discharge to the environment. This would be accomplished by a cooling 
device placed in the circuit between the condenser and the discharge 
point, as shown in Figure B-VII-18 to divert some heat directly to the 
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atmosphere. The amount of heat that could be removed by such a device 
operating at full capacity would be dependent upon the atmospheric or 
climatic conditions, principally wet bulb and dry bulb temperatures, or 
even wind velocity, sclar intensity, and cloud cover, depending on the 
type of device used. 

Since these heat removal systems are also applicable to closed systems, 
they will be discussed here in general terms only. The design and 
operation of each of the systems is covered in detail under the closed 
systems section. s~ecial considerations only are covered in this 
section. In general, limiting climatic conditions are such that while a 
majority of the heat can be removed, the discharge stream temperature 
will always be higher than the receiving water at the discharge point. 

The systems considered for this end of pipe, or helper mode of thermal 
discharge control are cooling towers, both natural draft and mechanical 
draft, and ~onds or canals which can contain floating powered spray 
modules to augment the natural cooling process. The known installations 
tend to be designed f cr operation in any one of several alternative 
modes. For example, Plant No. 2708 (Ref. No. 108dd) employs a 
mechanical draft evaporative cooling tower system capable of (a) off­
line, (b) helper, (c) partial recirculating and (d) closed-cycle modes 
of operation that is Expected to be capable of meeting water quality 
standards. 

Diagrams of two systems presently in use are shown in Figures B-VII-19 
and B-VII-20. The system in Figure B-VII-19 can be operated in both 
open and closed modes. The system shewn in Figure B-VII-20 is much more 
complex. Units l and 2 were originally once-through. When Unit 3 was 
added, a once-through system could not be used due to low water 
availability in the summmer.359 In designing the closed cooling tower 
system for Unit 3, it was decided to add one additional tower, which 
would permit operation of all three units on an almost closed system 
during the summer when the temperature of the discharge to the river is 
severely limited by environmental ~rotection considerations. The 
systems illustrated indicate the degree of flexibility which can be 
built into a once-through system by using supplemental heat removal 
systems. 

The seasonal variability of the performance of a helper system is shown 
in Figure B-VII-21. '!his curve shows the average monthly performance of 
a tower located in the East, and designed to remove 100% of the heat in 
September. The circulating water temperature rise was assumed to be 
11°c (20°F) • With a stream temperature of 27. 2oc {81 oF), the approach 
was 4.S 0c (8°F). During the month of March, with a stream temperature 
of 5.6°c (42°F) and a wet bulb of 7.aoc (460F)- the same tower removes 
only 22.51 of the heat, even though the approach has increased to 6.4°C 
(11. SOF) • 
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This decrease is due to the variation in relationship between stream 
temperature and wet bulb temperature. In the summer the stream 
temperature is well above the wet bulb temperature. In winter, in this 
location, the stream tem~erature drops below the wet bulb temperature, 
In addition, tower performance is lower at the lower winter 
temperatures. 

This obviously poses a problem in the design of towers for "helper" use, 
In the case shown, a tower designed tc remove 100% of effluent heat 
under the worst winter condition (March) would be over-sized by a factor 
of 4 during most of tte summer. 

There is a relatively simple solution to this dilema, and that is to 
partially close the system during the winter months. Part of the warm 
circulating water would be recirculated into the intake stream, 
increasing its temperature. This would increase the discharge 
temperature, and consequently the water temperatures in the tower. This 
in turn would increase the difference between the water and the wet bulb 
temperature and increase the amount of heat removed. The water not 
recirculated would be discharged. A problem then arises in that the 
water discharged would have a temperature significantly above the stream 
temperature. This temperature might not meet applicable stream 
standards, which would mean operation of the tower in two modes: open in 
summer and closed in winter. The tower would be designed to handle the 
heat load under the more difficult of the two operating conditions. 

All evaporative type cooling systems would have this deqrease in heat 
removal performance during w.inter months when operated in the "helper" 
mode. 

One other system should be mentioned in this section. This is the 
dilution system to lirr~t the temperature effect of the discharge on the 
water to which it is discharged. In this method an excess of water, 
above the quantity required in the condenser is pumped through the 
intake system, with the excess being mixed with the hot condenser 
effluent prior to discharge into the receiving water. While this 
dilution reduces the combined discharge water tem~rature, the amount of 
total heat discharged to the water is slightly greater due to the added 
generation (and heat rejection) required to power the dilution pumps. 

Closed or Recirculating Systems 

Closed systems recirculate water first through the condenser for heat 
removal, and then through a cooling device where this heat is released 
to the atmosphere, and finally back to the condenser. Three basic 
methods of heat rejection are used. The one of most commercial 
significance in the power industry. is wet, or evaporative cooling using 
cooling towers, or spray augmented ponds. Evaporation at s x 105 J/kg 
(l,000 BTU/lb) is the principal means of heat transfer. There is also 
some sensible heat transfer. A second method of closed system cooling 
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commonly employed is the use of cooling ·lakes, which are similar in 
principal to open, cnce-through systems, but which are closed inasmuch 
as no thermal discharge cccurs beyond the confines of the lake. Dry 
cooling towers, in which heat is transferred by conduction and 
convection, have found very limited use. 

The following subsections describe the av'ailable technology for 
achieving waste heat removal in ciosed or recirculation cooling systems. 

1. cooling ponds or lakes 

2. Spray augmented ponds 

3. canals with powered spray modules 

4. Rotating ,,spray system 

5. wet tower, natural draft - crossflow 

6. wet tower, natural draft - counterflow 

1. Wet tower, mechanical forced draft 

8. wet tower, mechanical induced.draft, crossflow 

9. Wet tower, mechanical induced draft, counterflow 

10. Dry tower, direct 

11. Dry tower, indirect 

12. combined wet-dry mechanical draft tower 

Cooling Ponds 

Cooling ponds are normally artificial lakes constructed for the purpose 
of rejecting the waste heat from a powe~plant. A secondary purpose for 
which the pond is utilized is the storage of water for plant operation 
during periods of low natural availability of water. This dual usage 
makes cooling ponds economical in the more arid areas of the country. 
There are also a significant number of cooling ponds in use in the 
southern part of the United States. While cooling towers could be used 
to provide cooling in ccnjunction with a storage pond, the consumptive 
use of water in the cooling tower, plus t~e losses from the water 
storage pond, is generally greater than the losses from a dual purpose 
pond. 

Two distinct types of ~onds can be identified, based on the legal means 
in which discharge is defined. The first is a pond located where there 
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is little or no natural drainage, or where the water rights on the 
watershed belong solely to the utility ccmpany, and there is no thermal 
discharge from the pond. In this case, the cooling pond is considered 
to be completely under the control of the utility company, and the pond 
is operated solely to give the best plant performance. The cooling pond 
at plant No. 3514 is an example of this type. While the pond itself may 
not come under thermal discharge regulations, any chemical discharges 
(blowdown) from the pend will. In addition, any other effects of the 
cooling lake on the environment would also have to be taken into 
account. 

The second case is where the pond is constructed on a watershed having 
significant runoff, and where the utility does not own the pond and the 
total water rights on the watershed. In this case, the pond is legally 
considered to be external to the plant, and control of the thermal 
discharge is subject to state and federal regulations. Plant No. 3713 
in North Carolina is an example of this type. 

Cooling ponds are normally formed by construction of a dam at a suitable 
location in a natural watershed. Soil under the pond must be relatively 
impervious to avoid excessive loss of water. Ponds may be constructed 
by excavation, but generally the cost would be much higher than for a 
dammed watershed. The size of the pond is primarily related to the 
plant generating capacity, and rough approximations of 4000-8000 m2 (1 
to 2 acres) per MW, are found in the literature. At 81 hm2 (2 acres) 
per MW, the pond for a 1,000 MW plant would be 81,000 hm2 (2,000 acres) 
in size. Thus, the pond size for such a plant would normally be large 
enough to serve as a recreational site in addition to its primary 
function. 

When a watershed is dammed to form a cooling pond, the shape is 
determined by the topography of the area. The station intake and 
discharge structures are placed on the cooling pond so that maximum use 
is derived from the pond, i.e. widely separated, if no~ at opposite 
ends of the pond. with excavated ponds, the shape is not totally 
limited by the topography. one station currently uses a pond with a 
dike separating the intake and outfall structures, and extending almost 
across the lake to prcvide a u-shaped pond. Another station, plant No. 
1209, utilizes a series of canals as a "cooling pond" as shown in Figure 
B-VII-22. The land is flat, and the dikes between the canals provide a 
convenient place to pile the material dredged from the canal. 

Considerable research on thermal aspects of cooling ponds has been 
undertaken. Likewise scme of the research on the discharge of condenser 
water into lakes and rivers may be applicable. References (32), (84), 
and (120) are part of a series of five reports dealing with cooling 
ponds, and a more comprehensive study is described in Reference 246. 

The performance of a cooling pond is dependent to a large extent on its 
physical features, as indicated below. 
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1. Ponds have been arbitrarily categorized in a number of 
ways, such as shallow or deep, stratified or non-stratified, 
and plug flow or completely mixed ponds. In terms of the 
above, the ideal :p>nd is a deep, stratified pond in which 
the hot water flows through the pend on the pond surface 
with no longitudinal mixing, and the cool water is removed 
from a deep porticn of the lake. 

2. The configuration of the discharge structure for discharg­
ing the hot water from the plant, particularly in the case 
of shallow ponds, greatly affects pond performance. The 
discharge structure should be designed to spread the hot 
water in a thin layer over the lake surf ace thus prevent­
ing mixing with the cooler· subsurface water, and sustain­
ing a high pond surface temperature to promote rapid heat 
transfer to the atmosphere. The suitability of the dis­
charge structure is sometimes evaluated in terms of the 
Froude No., a ratio of the fluid momentum forces to the 
fluid gravitational forces and which relates the veloci­
ty of discharge to a characteristic length of the struc­
ture, normally the width of the channel. 

Froude N~. = V2/Lg 

where V = Velocity of discbarge, m/s (ft/sec) 

L = Width of discharge channel, m (ft) 

g = Gravitational constant, 9.82 m/sec2 (32.2 ft/ 
sec2) 

Discharge structures are generally considered adequate 
for use in relaticn to cooling ponds when the Froude 
No. is less than 1.0. 

3. The intake structure is normally located well beneath 
the pond surface, if not at the bottom. Its position 
in relation to the discharge structure is important. 
Currents within the pond, particularly wind currents, 
must be considered in placing the structure to get the 
best performance out of the pond. 

4. The pond shape has some effect on performance. The 
extent of the effect is dependent on the degree to 
which density currents exist within the pond. For 
those ponds with strong density currents, the pond 
shape is usually insignificant. 

5. The temperature of the discharge into the pond sets 
the driving forces for loss of heat to the atmosphere. 
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other important considerations include climatic factors, 
particularly wind s~eed, gross solar radiation, dewpoint 
temperature, and other £actors which affect the equilib­
rium temperature of the pond. The pond size required 
for a particular ~lant depends on the climatic condi-
tions in the immediate vicinity of the pond. Pond design is usually 
based on conditions which approach the most unf avorabie 
conditions expected. The more accurate, reliable, and extensive 
the available data is, the more confidence can be placed 
in a design based on these data. The importance of the 
climatic factors outlined above is demonstrated in the 
following equations which describe the relationships 
among the principal factors involved in sizing a cooling 
pond. At steady state conditions, the net heat loss 
from the pond is equal to the waste heat from th~ power-
plant. The steady net heat loss from the lake surf ace 
is normally expressed as: 

Heat loss = KA (T§ -TE} 

where K = Heat Exchange coefficient, J/m2-day-oc 
(BTU/ft2-day-OF) 

A = Area of Lake, nt2 (ft2) 

T§ = Average surf ace Temperature, oc (OF) 

TE = Equilitrium Temperature, oc (OF) 

The equilibrium temperature (T,§} can be estimated by 
the following equation: 

TE = Tg + H§/K 

where Tg = Dewpoint Temperature, oc (OF) 

H§ = Gross Solar Radiation, J/m2-day (BTU/ft2-day) 

K = Heat Exchange coefficient, J/m2-day-oc 
(BTU/ft2-day-OF) 

The heat exchange coefficient (K) is closely related to 
windspeed as shown in Figure B-VII-23, which permits 
determination of R in terms of windspeed and the temper­
ature T = Td + I! where an initiate value of T§ must be 
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determination are the expected temperature rise and circulating 
water flow rate. The degree of mixing in the pond must be 
estimated. Where there is little mixing (slug flow), the 
temperature decrease occurs during the entire transit of the pond by 
a typical slug of circulating water. The other extreme is where 
complete mixing occurs, and the temperature throughout the pond is 
the same. The actual degree of mixing in any particular case would 
lie between these two extremes. 

The first step in the procedure for estimating the average pond surface 
temperature is to determine the discharge temperature to the cooling 
pond. This is done by first determining the quantity: 

where K = Heat exchange coefficient estimated from Figure 
B-VII-23, J/m2-day-OC (B'IU/ft2-day-oF) 

A = Assumed pond area, mz (ft2) 

p = Density water, kg/m3 (lb/ft3) 

CE = Heat capacity, J/kg-oc (BTU/lb-OF) 

QI? = Condenser flow, m3/day (ft3/day) 

Figure B-VII-24 can be used to determine the approximate area A. With 
the condenser rise, from Figure B-VII-25, e (excess of discharge 
temperature, TJ2, over the equilibrium temperature, TE} is determined. 
Note that curves for slug flow and complete mixing are given. Then the 
discharge temperature, TE, and the inlet temperature, T£, can be deter· 
mined. 

Tp = TE + er 

T£ = TE - Condenser rise 

From Figure B-VII-26, using 9 and 
since 9 is T§ - T~, T~ is determined. 
not correspond to the assumed value 
value is then determined by iteration, 
assumed and the process repeated until 
degree of accuracy desired. 

KA/p£QE, 9 average is determined, 
This value of· T§ will normally 
used to determine K. The correct 
i.e., new values for T~ are 

the two values of T§ agree to the 

Once Ts has been estimated, the pond area can be determined from Figure 
B-VII-24, which determines the area required for each million kJ 
(million BTU) of heat to be rejected. If the cost per acre of pond 
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surf ace is known, the cost per million kJ (million BTU) of heat rejected 
can be determined from Figure B-VII-27. 

costs for cooling ponds are very dependent on local terrain. In 
general, costs would include the following: 

r. Preliminary 
1. Soil surveys 
2. Topographical mapping 

II. Construction 
1. Dam or basin 
2. Discharge structure 
3. Intake structure 
4. Canals or pipelines associated with 2 and 3 
s. Makeup water system (pipelines, canals, pumps, etc.), 

if required. 
6. Auxiliary equipment for above, roads, fencing, etc. 

III. Maintenance 
1. Canal, pipeline maintenance 
2. Intake and discharge structures 

Spray Ponds 

Spray systems can te utilized to reduce the large area required by 
cooling ponds by up tc a factor of ten. ·Two types of spray systems are 
available. In a fixed system, which essentially operates in a once­
through mode, the hot water is pumped through a grid of piping, into 
which nozzles have been placed at regular intervals. The water is 
sprayed out, and cools by evaporation and sensible heat transfer to the 
air as it falls tc the pond below. water from the pond is pumped 
directly to the condenser. To obtain adequate cooling on this once­
through basis, the spray must be fine. This factor, coupled with wind 
factors, can lead to large drift losses and associated problems in the 
vicinity of the pond. The relatively high pumping losses and lengthy 
piping required for such a fixed system would make this type of design 
relatively costly for a medium-sized power station. 

The second type of spray pond is commonly called a spray canal due to 
its flow-through hydraulics and shape which makes full use of prevailing 
winds to enhance cooling performance. The spray is produced by modules 
moored at intervals in the canal and floating on the water surf ace. Two 
types currently in use are illustrated in Figures B-VII-28 and B-VII-29. 
The module in Figure B-VII-28 is a unitized pump and spray module. The 
module in Figure B-VII~29 has a central pump supplying four nozzles. 
Botti units are powered by 56,000 watt (75 HP) motors and spray 0.631 
ml/sec to 0.789 m3/sec (10,000 to 12,500 gpm). Two characteristics 
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of this system are imµ>rtant. The first is that each slug of water can 
be sprayed in repetitive steps, thus minimizing the need for small 
droplets required by the fixed system. The droplet size can be larger, 
reducing the drift problem. Secondly, not all the water need be 
sprayed, but enough tc provide the required cooling. This permits 
adjustment of the numl:er of modules operating to the climatic conditions 
and generating level cf the plant. 

The use of these modules in the utility industry is relatively new, 
although tests have been underway for some years. . Plant No. 3304 and 
Plant No. 5105 are using, or are installing powered spray modules. The 
largest installation in use is at Plant No. 0610. The canal of plant 
no. 0610 is u-shaped as shown in Figure B-VII-30. The intake and 
discharge structures are at the same end of the pond. The power and 
control systems for the modules are located on the central dike. Figure 
B-VII-31 shows the modules in operation. The diameter of the spray 
pattern is about 15 meters (50 feet). 

Plant No. 1723 is installing a large number of each design. Spray 
modules are being used primarily for helper systems on existing plants 
when additional units are added to a plant. 

The design of the cooling canal is more complex than that of a cooling 
tower, and computer ~rcgrams are often used. To make the best use of 
climatic conditions, these systems are designed as canals where all the 
modules are exposed insofar as possible to the ambient air conditions, 
reducing adverse interference of performance due to proximity to other 
modules. The canals can be circular in shape, or straight, as required. 
The canals should be aligned perpendicular to the prevailing winds for 
maximum ambient air eJCPosure, and therefore maximum module efficiency. 

Design of the system involves determining the incremental contribution 
to cooling of each set of modules in series. The first module's inlet 
temperature is the condenser discharge temperature. The cooled spray 
from the first module remixes with the water in the canal, and the 
resulting temperature of the canal is the temperature at the inlet to 
the second set of modules. This procedure is continued until the 
desired temperature is reached, or the increase in overall performance 
with additional modules is not cost effective. Using some general data 
on one manufacturer's units, Figure B-VII-32 was developed to give a 
pictorial representation of the process. The initial temperature is the 
inlet temperature to the first set of modules (condenser discharge tem­
perature) • The wet bulb temperature is then used to determine the ex­
pected temperature decrease of the sprayed water. From the percentage 
of water sprayed, the change in canal temperature can be determined, and 
this translated into a new exit temperature from·the modules. This then 
becomes the initial tem~erature for the second set of modules. The 
number of modules in parallel at any point in the canal can also be 
optimized. 
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The retrofit installation at pl~nt no. 1723 i.s representative. The two 
generating units at the plant are rated at 809 MW each. The cooling 
canal will encircle the plant and will be 4.1 km (2.5 miles) long. The 
canal will contain 176 u~its from one manufacturer, and 152 units from 
another manufacturer. The number of modules, or blocks of them 
operating at any one time will be adjusted to give the amount of cooling 
required. The installed power for the 328 units is 18,300 KW (24,600 
HP). At 90% efficiency, this amounts to 20.4 megawatts, or 1.26% of the 
plant's previous output ·using once-through cooling. since higher 
cooling water temperatures are expected, thereby reducing the plants 
gross generating capacity, the combined reduction in plant generating 
capacity will be greater than 1.26%. 

For the past several years, another manufacturer has been. testing a 
rotating disc design for producing sprays. Their current design is 
shown in Figure B-VII-33~ This design is cu~rently undergoing field 
evaluation at a station in the United States. A cross section of a 
proposed installation is shown in Figure B-VII-34. The spray droplets 
propuced by these rotating discs are about 1 mm in size. As with the 
fixed spray systems, this size is required to get adequate cooling 
performance. With this si~e drop, drift is ~ problem, and adequate 
provision to minimize drift losses must be made. 

In~ufficient data has been ·published to make reliable performance or 
cost estimates. From some of the limited performance data the curves in 

.. Figures B-VII-35 and B-VII-36 were devel()ped. 

Wet Type Cooling Towers 

A number of different types of evaporative cooling towers have been, and 
are currently, in use. The basic types are as follows: 

· · Mechanical Dr aft: 

... Counter£ low-Induced Draft 
· · Crossflow-Induced Draft 

Counterflow-Forced Draft 
Crossflow-Forced Draft 
Wet-Dry--Any of the atove 

Natural Draft 
(Hyperbolic) : 

Counterflow 
Crossf low 
Counterflow-

Fan Assisted 

Dry Type: 

Direct 
Indirect 

The terms crossflow and counterflow refer to the relationship between 
the air flow and the water flow. In counterflow, the water flows 
downward through the packing and the air flows upward (Figure B-VII-37) • 
In crossflow, the water still flows downward, but the air flows 
horizontally (or perp~dicularly to the water) from outside to inside as 
shown in Figure ij-VII-38. Induced draft refers to the.means for 
developing the air f loW by a fan mounted on top of the tower which ~ulls 
the air through the tcwer (Figures B-VII-37 and B-VII-38) • In the 
older, and little U$ed today, forced draft system fans are mounted 
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around the periphery of the tower at ground level and force the air 
upward through the to~er. 

Drift eliminators, conmen to all towers except the dry-type, are used to 
remove most of the entrained water droplets from the air stream prior to 
its leaving the tower. 

The ~t-dry tower is a relatively new development. It consists of an 
upper section of dry tower emitting warm air heated solely by 
conduction, and a lower wet section emitting the nearly saturated air 
which has a high fogging potential. These two air streams are mixed in 
the tower, significantly reducing the fogging potential. 

Natural draft towers are commonly known as hyperbolic towers, since the 
chimneys are hyperbolic in shape to take advantage_ of the excellent 
stress characteristics of this shape. The chimneys are normally 
constructed of reinforced concrete. A crossf low tower is shown in 
Figure B-VII-39. The tower shown in Figure B-VII-40, takes up less land 
space than the crossflow tower. The chimneys on these towers are tall, 
ranging from 90 to over 150 m (300 to over 500 feet) • The tower height 
has the advantage that the plume is emitted high enough above th~ ground 
that if fog develops, it will normally not create a ground level hazard. 

A recent modification to the natural draft tower is the fan-assisted 
hyperbolic. In this design, fans are placed at the periphery of the 
tower, along the bctt_om to force the air through the tower. The 
required tower height is diminished, since air flow does not depend 
solely on the difference in air density inside and outside the tower as 
in the unassisted tower. Several of these fan-assisted towers are in 
use in ~ope, and have been proposed for use in specific cases in this 
country.· 

The dry-t}rpe cooling towers rely solely upon conductive and convective 
heat transfer for their cooling effect. Two types of systems are used. 
In the. "direct" system, the steam condenses directly in the tubes of the 
heat exchanger in the tower. This ty~e is restricted to relatively 
small plants due to the size of the steam piping requi+eq to circulate 
the relatively low density steam. In the "indirect" sytem, cold water 
from the tower is used to condense the steam from the turbine and the 
w~med water is circulated through the tower. Since the system is 
completely closed, a direct contact condenser can be used, greatly 
reducing the condenser terminal temt:erature difference (TTD) • Witp the 
direct contact condenser, the circulating water must be of the same 
quality as the boiler makeup water, however direct contact condensers 
are less expensive than shell and tube condensers. The air system for 
the tower may be either induced, forced, or natural draft. 
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Wet Mechanical Draft Towers 

The wet tower cools the water by bringing it into contact with 
unsaturated air and allcwing evaporation to occur. Heat is removed from 
the water as latent heat required to evaporate part of the water. 
Approximately 75% of the total heat transferred is by evaporation, the 
remainder by sensible heat transfer to the air. (6) 

In addition to the thermodynamic potentials, several other factors 
influence the actual rate of heat transfer, and ultimately, the 
temperatrue range of the tower. A large water surf ace area promotes 
evaporation, and sensible heat transfer rates are proportional to the 
water surf ace area provided. Packing (an internal lattice work) is 
often used to produce srrall droplets of water and thus increasing the 
total surface area per unit of throughput. For a given water flow, 
increasing the air flew increases the amount of heat removed by 
maintaining higher thermodynamic potentials. The packing height in the 
tower should he high enough so that the air leaving the tower is close 
to fiaturation. 

The mechanical draft tower consists of the following essential 
functional components: 

1. Inlet (hot) water distribution 

2. Packing (film) 

3. Air moving fans 

4. Inlet-air louvers 

5. Drift or cari;y over eliminators 

6. Cooled water storage basin 

Although the principal construction material in mechanical draft towers 
is wood, other materials are used extens~vely. In the interest of long 
life and minimum maintance, wood is generally pressure treated with a 
water-borne preservative. Although the tower structure is still 
generally treated redwood, a reasonable amount of treated fir has been 
used in this and other ~ortions of the tower in recent years. Sheathing 
and louvers are generally of asbestos cement, and fan stacks of fiber 
glass. The trend in fill is to fire-resistant extruded PVC which, at 
little or no· increase in cost, offers the advantage of unlimited life to 
its fire-resistant p:operties. Some asbestos cement is also used for 
fill. Even the~trend in drift eliminators is away from wood to either 
PVC or asbestos cement. 

Two problems arise from the use of wood: decay, and its susceptibility 
to fire. on multi-celled towers, the cost of fire prevention system can 
run into several hundred thousand dollars or more. constant exposure to 
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water results in ·leaching of the lignin from the wood, reducing its 
strength. Steel construction is occasionally used, but not extensively, 
if at all, for units in the powerplant industry. 

Concrete construction, never popular because of relatively high labor 
costs, is actively being considered for large units of the type used in 
steam electric generating stations. The savings in fire protection 
costs and extended life make this alternative attractive in many cases, 

Inlet water distribution systems are operated at low pressure and wood 
stave pipe, plastic and metallic pipe have been used. The blades on the 
fans must be reasonably lightweight, and corrosion resistant. Both cast 
aluminum and GRP (glass reinforced plastic}, are generally used today, 
For large towers mounted on .the ground, concrete cooled-water storage 
basins are used almcst exclusively.· For other applications, both wood 
and sheet metal basins have been used. 

Wet Mechanical Draft ~ower - Induced Draft - Crossflow 

Currently one of the most widely-used wet mechanical draft towers in the 
larger sizes is the induced draft crossflow tower illustrated in Figure 
B-VII-38. Primary advantages for this tower are6: 

1. Lower pumping head as a result of lower packing. 

2. Lower pressure drop _through the packing. 

3. Higher water leadings for a given height. 

4. Lesser overall tower height. 

Compared to the counterflow tower, crossflow towers have the following 
disadvantages 6: 

1. A substantial correction factor must be applied to the 
driving force to take into account the reduced thermo­
dynamic potentials in parts of the fill. This is par­
ticularly true at wide ranges and close approaches. 
More ground area and more fan horsepower may be required 
in some cases. 

2. The packing is not as efficient, and more air flow is 
required for an equivalent capacity tower. 

Despite these disadvantages, the crossflow tower is widely us.ed. With 
proper louver design, ice buildup is minimal. The design is much more 
versatile, with a tower available to meet almost every need. 
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sizing and costing of mechanical draft towers are dependent on climatic 
or operating conditions. Basic parameters controlling size and cost 
include: 

1. Climatic conditions, particularly wet bulb temperatures 
during the summer months. 

2. Heat load from the powerplant. 

3. cooling water flow rate ·(or temperature range) • 

4. Approach temperature. 

Two of the major cooling tower manufacturers use proprietary factors for 
estimating the cost of cooling towers. wet bulb temperature, approach 
temperature imd cooling tower range are used to determine the factor. 
Then, the factor and the circulating water flow are used to determine 
the tower cost. Tables illustrating use of the factor by one of the 
manufacturers are shown in Figure B-VII-41. The· rating factor obtained 
from these curves is inserted into the following 
equation: 

Tower Units = Rating Factor x Cooling Flow (gpm) 

A set of simple calculations then provides Figure B-VII-42; where 
cost/10• BTU is shown as a function of Rating Factor and cooling tower 
range. The cost factor used was $8.11 for the cost of a tower unit. 

The other manufacturer mentioned uses a slightly different technique. 
Using the cooling range, wet bulb temperature, and approach temperature, 
a "K" factor is deterrrined. (Figure B-VII-43). The "K" factor is 
multiplied by the cooling water flow rate. Another chart gives a "C" 
factor, which multiplied by the flow through the tower gives an 
estimated capital ccst. The graph for the "C" factor also has curves 
for determining fan horsepower and basin area. A comparison between the 
rating factor of Manufacturer A and the K-Factor of Manufacturer B is 
shown in Figure B-VII-44. The relationship between the two factors is 
essentially linear. 

The curves in Figure E-VII-43 take into account a size factor, something 
that the other procedure omits. Some costs for various K-Factors and 
ranges are shown in Figure B-VII-45. 

In addition to water lost by evaporation, a small percentage of the 
water is lost as drift, or small droplets carried out of the tower with 
the air flow. Drift eliminators are generally used in the tower to 
reduce this to a miniD1Um. current designs reduce these losses to a 
small percentage of the throughput. This drift contains salts and 
chemicals added to the water for treatment. These droplets fall out in 
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the surrounding area and could result in problems of corrosion to 
equipment or damage to plants and trees. 

In addition to losses from drift, a certain amount of the water is 
intentionally removed from the system as blowdown to control the 
concentration of salts and chemical additives in the cooling water. The 
amount of blowdown varies with the quality of the makeup water. The 
amount of heat in this blowdown stream is relatively small. 

Aside from the appearance of the physical structure, an additional 
visual result of usage of cooling towers is the formation of visible 
plumes of condensed water vapor under appropriate weather conditions. 
These plumes are formed when the temperature of the moisture-laden air 
leaving the tower drcps below the dew point. With mechanical draft 
cooling towers, these plumes are close to tbe ground due to the low 
tower height, and will drop to the ground under certain wind conditions. 
with their tall chimneys, natural draft towers produce plumes at 300~500 
feet above the ground. Further discussion of plumes is provided in a 
subsequent section of the report. 

wet Mechanical Draft ~owers - Induced Draft - Counterflow 

This 'type of tower, pictured in Figure B-VII-37 is only slightly 
different from the crossflow type. The air flow is counter to the water 
flow. This makes the tower taller than the crossflow tower, because 
additional space must be allowed at the pottom of the tower for the air 
to enter. 

some advantages of this system are 6: 

1. The coldest water contacts the driest air. The air, as 
it travels up through the water, contacts progressively 
warmer water, maintaining the potential for evaporation. 

2. The fan forces the air straight up, minimizing air recir­
culation. 

3. Larger fans can be used (up to 18.3 meters (60 feet)). 

4. Closer approaches and large cooling ranges are possible. 

There are a number of disadvantages also 6 : 

1.. The small air opening at the bottom of the tower leads 
to high pressure drops, and subsequently, higher fan 
horsepower requirements. 

2. A more sophisticated air distribution system ~s required 
to maintain uniform air ~low through the packing. 
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3. Since the top of the packing is higher above the ground, 
the required pumping head is higher. 

wet Mechanical Draft ~ower - Forced Draft 

This tower design, pictured in Figure B-VII-46, is not currently being 
used to any extent, particularly in the steam electric utility industry, 
Its principal advantages are: 

1. Noise levels and vibration are reduced, since fans are 
mounted at the base of the tower. 

2. Blade erosion is non-existent and condensation in gear 
boxes is greatly reduced. 

3. Fan units are slightly more efficient than induced draft 
type, since develcpment of static pressure in tower per­
mits some recovery of work. 

Disadvantages of the forced draft tower 6: 

1. Fan size is limited to about 3.6 m (12 ft), necessitating 
multiple fan installations. 

2. Baffles are necessary for air distribution. 

3. Recirculation of the hot, humid discharge air is a prob­
lem, as it can flC'W' back to the low pressure intake. 

4. During cold weather, ice may form on the fan blades, 
causing damage and reducing air flow. 

A modern adaptation of the type of tower is. the fan-assisted natural 
draft tower, which is discussed under the section on natural draft 
towers. 

Wet-Dry Cooling Tower 

A fairly recent development in the mechanical dra~ cooling tower is the 
wet-dry system. This design combines the wet and dry tower principles, 
as shown in Figure B-VII-47. The concept was originally developed to 
reduce or eliminate the plumes from mechanical draft towers. 

The principles of operation are shown in the psychrometric chart in 
Figure B-VII-47. The air passing through the dry section is heated 
along line 1-3. The air passing through the wet section is heated and 
humidified along line 1-2. When the air from these two sections is 
mixed in the fan plenum, the condition of the mixture lies along line 2-
3, at some point 4. ~e position of this point is dependent on the 
relative amount of the two air streams mixed. The relative size of the 
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dry section is dependent on the local climati.c conditions as related to 
the probability of fog formation. 

" The details of construction of the tower for plume abatement are shown 
in Figure B-VII-48. Note the summer damper door used to shut off most 
of the air flow through the dry section during the summer when plume 
abatement is not required. This shuQts the air flow to the wet section 
during the summer when increased cooling is necessary. 

While plume reduction its elf can be beneficial, the concept of combining 
the wet and dry sections opens up possibilities for applications where 
water consumption considerations are important. By enlarging the dry 
section, as shown in Figure B-VII-49, the principal cooling dccurs in 
the dry system, with the wet section used only as required. Th~ tower 
performance in such a situation is indicated on the psychrometric chart 
in Figure B-VII-49. A contract has been signed for the installation of 
four wet-dry towers at plant No. 2416. The towers will cool 472,000 gprn 
of brackish water. 

Natural Draft Cooling Towers 

The natural draft tower, or hyperbolic tower, as it is commonly known, 
has the advantage that no mechanical energy is required to circulate the 
air through the tower. The tall chimney is used to develop sufficient 
driving force between the hot, humid air from the fill and the cooler 
air outside the chimney. This force ·difference must overcome the 
internal resistance tc air flow. 

(pa - pt)_g_ x h = Pressure drop through packing + 
go tower friction loss + kinetic energy 

of air leaving the· tower. 

where pa = density of air entering the tower 

pt = density of humid air in the tower 

g = gravitational constant at elevation of tower 

go = reference gravitational constant 

h = height of tower 

Approximately a tenth of the tower height is utilized for the air-water 
contact section, the remaining 90% is used solely to develop the 
required driving force for adequate air circulation. A typical 
installation, in plant No. 4217, is shown in Figure B-VII-50. 

The economical use of natural draft towers is restricted to regions with 
moderate temperatures and average humidities. In areas such as the 
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southwest, with high temferat~es and low humidities, the potentials for 
favorable density differenees are decreased, resulting in an 
impractically high chimney to provide circulation for the cooling tower, 
Climatic conditions in the Southeast and Gulf Coast areas do not favor 
natural draft towers tecause of the high wind design loadings. 

One of the benefits of the n~tural draft tower, and perhaps the reason 
it has become so popular, is that the fog plume is released several 
hundred feet in the air, and does not create any local hazards due to 
fogging. However, care should be taken to assure that the stack gases 
and the tower plume do not intermix, as any SOl that may be present in 
the stack gases may tend to combine with the water in the plume to form 
damaging acids. 

The tower may be constructed for crossf low or for counterflow, with both 
types in use. The crossflow takes slightly more area, as the fill is 
located outside the tower proper. Both types may utilize fireproof 
construction. The fill material employed is asbestos cement. 

One manufacturer gives some curves for budget estimates of the capital 
costs of their crossflow towers (see Figures B-VII-51 and B-VII-52). 
The costs are shown in 1970 dollars, and correspond to the relative 
humidity, range, approach and wet bulb temperature. 

The fan-assisted tower, pictured in Figure B-VII-53 is a modification of 
the basic natural draft tower which makes it more versatile by combining 
some features of natural draft towers and mechanical draft towers. The 
tower looks like a truncated natural draft tower. Forced draft fans are 
installed in place of the normally large openings for the entrance of 
air around the bottom of the tower. With the forced draft fans, 
dependence on the natural chimney effect is removed, considerably 
increasing the versatility of the tower. The shortened natural draft 
chimney retains some of the driving force, reducing fan requirements. 
The height, intermediate between the mechanical draft and natural draft 
tower, reduces the chance of local hazards from fog. The possibility of 
recirculation is also reduced. While no fan-assisted natural draft 
towers are currently operating in the u.s., several towers are operating 
in Europe. 

Dry-Type Cooling Towers 

The dry-type cooling tower is used more in the petroleum processing 
industry than the electric utility industry. Being a closed system, the 
bulk of the heat is transferred from the petroleum products to air 
directly, with the final cooling to ambient- temperatures being 
accomplished with evaporative-type towers. The temperatures obtainable 
with dry-type cooling towers are higher than those economically useful 
in the electric utility industry. Since no evaporation is involved, the 
dry bulb temperature governs, not the wet bulb temperature. In spite of 
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stand ice load, if it should 
ever accidentally occur, 
without destruction. Veil 
and · fill are constructed 
entirely of fireproof, rot• 
proof materials-essen­
tially maintenance free. 

problems of vapor 
plume downdraft to 
ground level, and of 
moist air reclrcui. 
tlon. ~~~;i:::;/Jf;;;!;;:=;;:~;!1!::;::;;;;!;;;;;;!:;~!::::::~-~-.....,-~-~,.__~-...-=-~-~-~-~~~" ,, 

·--------------------' 

FAN-ASSISTED NATURAL DRAFT COOLING TOWER 
FIGURE B-VII-53 

(From Reference 358) 
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this, the utility industry is considering this type of system for 
specific in!?tallations where insufficient water is available for wet 
towers. There are approximately six electric generating stations using 
dry-type cooling towers, principally in Europe. The one operating 
facility in the u. s. is a 20 MW unit. This is a "direct" unit, with the 
steam condensing directly in the coils. Construction of a 330 MW unit 
at the same site utilizing a dry tower is contemplated. The two types 
of dry towers, direct and indirect, are shown in Figures B-VII-54 and B­
VII-55. 

The principal drawback to the use of this type of tower is the higher 
turbine exhaust pressures which result. Current turbine designs would 
have to be changed, as most turbines are designed for a maximum turbine 
exhaust pressure of 127 mm Hg (5 in Hg abs) wherea;:; with dry-type 
cooling towers, the rraximum turbine exhaust pressure would range from 
200 to 380 mm Hg (8 to 15 in Hg). Dry bulb temperatures range from s.so 
to 2ooc (10° to 350F) above the wet bulb temperature. Due to the higher 
heat transfer equipment costs, dry-type towers optimize at higher 
approaches than wet towers, additionally increasing the turbine exhaust 
pressure. 

A temperature diagram for an indirect, dry cooling tower is shown in 
Figure B-VII-56. In dry cooling towers the initial temperature 
difference (ITD) is used as a design parameter. 'I"he ITD is the 
difference between the saturated steam temperature of the turbine 
exhaust and the temperature of ambient air entering the cooling tower. 
The corresponding temperature difference in the wet tower system is the 
sum of the approach to wet bulD, cooling range and terminal temperature 
difference (TTD). 

Assuming the design parameters· typical of an eastern u. s. location (dry 
bulb temperature equal to 32oc (90°F) and wet bulb temperature of 2s0c 
(76°F)), the turbine exhaust pressures corresponding to a wet system and 
corresponding to a dry system can be compared. For the wet tower, 
typical values of the cooling range, approach, and terminal temperature 
difference are 12, 11 and 5.5oc, respectively. 

The sum of these is 29oc (52°FJ, which yields a condensi~g temperature 
of 53.5°c (128°F) with a corresponding pressure of 14.5 kN/m2 (4.3 in Hg 
abs) in the wet system. 

A corresponding dry-type tower with an ITD of igoc (520F) with the 
ambient temperature of 32.2oc (90°F), gives a condensing temperature of 
61.1°c (142°F) with a corresponding pressure of 20.4 kN/m2 (6.2 in Hg 
abs) • This is almost 50% higher than the condensing pressure in the wet 
system. 

A number of economic studies have been made comparing the cost and 
benefits of dry-type towers with wet towers. some data from one of 
these has been used to calculate the cost curves shown in Figure B-VII· 
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57. The curves are for the cooling tower only. The variation in cost 
shown is due primarily to the variation in construction costs in the 
different locations, Northeast, west, and southeast rather than to 
variations in the design dry bulb temferature indicated on the figUre. 

The direct contact condenser is considerably cheaper than the normal 
shell and tube condenser, as it does not require expensive alloy tubes, 
A typical direct contact condenser is shown in Figure B-VII-58. The 
lower condenser costs particularly make up for the greatly increased 
cost of the cooling tcwer. 

There are a number of other benefits from the dry-type cooling tower. 

1. No water usage, thus no large makeuf requirements and no buildup of 
solids, chemicals, etc., in the water as in an evaporative towe~. 

2. There is no possibility of fogging and there are no drift losses to 
deposit minerals on the surrounding territory. 

on the other side of the ledger, there is a significant loss in plant 
efficiency due to the higher turbine exhaust pressures. F-igure B-VII-59 
gives the expected increases in fuel consumption and decrease in power 
output for a nuclear and fossil-fueled plant, provided the turbine could 
operate at the higher pressures indicated. Not only is there a loss in 
efficiency, but the maxirrum flant capacity is also reduced. 

Survey of Existing Cooling Water Systems 

The FPC Form 67 Summary Report for 1970 summarizes the use of 
once-through cooling, cooling ponds, cooling towers, and combined 
systems by number of plants and by installed capacity (Table B•VII-3). 
In 1970 about 23% of the plants (18%) of installed capacity) used 
cooling ponds or towers. Data submitted to the FPC by Reg~onal 
Reliability Councils indicates that cooling ponds or cooling towers are 
already committed fer over 50% of the total capacity of units to be 
installed 1974 through 1980. See Table B-VII-4. 

Site visits were made to a number of steam electric generating plants. 
one purpose of these visits was to observe actual operations of cooling 
water systems and to discuss operating experiences with plant personnel. 
Design and operating data were obtained for these plants, including 
basic plant information, type of cooling system, quantitative data such 
as flow rate, temperatures, and approximate cost data. 

Plants vi.sited were chosen to result in a spectrum of fossil-fueled and 
nuclear units, geografhical locations, sizes, and types of cooling 
systems. Table B-VII-5 presents a list of plants visited and the basic 
cooling water data collected. A few plants that were visited are not 
included in this list as a result of incomplete data. 
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Table B-VII-3 

USES OF VARIOUS TYPES OF COOLING SYSTEMS 
Based on FPC Form 67 for 1969, 1970 

Type of Cooling Number of Plants, 
% total 

1969 1970 

Once-through, fresh 49.8 49.4 

Once-through, saline 18.9 18.5 

Cooling ponds 5.4 5.7 

Cooling towers 17.2 17.5 

Combined systems 8.7 8.9 

233 

Installed Capacity, 
% of total 

1969 1970 

50.5 50.1 

23.5 22.8 

5.9 6.7 

10.9 11.2 

9.2 9.2 

-



Table B-VII-4 

EXTENT TO WHICH STEAM ELECTRIC Pai.ERPIANTS ARE 
ALREADY COMMITTED TO THE APPLICATION OF 

THERMAL CONTROL TECHNOLOGIES 361 

CONTROL TECHNOLOGY ASSOCIATED GENERATING CAPACITY, THOUS. MW 

No Control (Once-Through) 

Controlled 

• Cooling 'l'owers 

e Cooling Ponds 

• Combinations 

Unknown 

IN ACTUAL USE 
IN 1973 

230 

110 

50 

30 

30 

-

COMMITTED FOR UNITS INSTALLED 
1974 THROUGH 1980 

60 

130 

80 

40 

10 

30 



Table B-VII-5 

COOLING WATER SYSTEMS DATA 

PLANTS VIS !TED 

--...---::::;== ~~=--=---=----= -- -- - -- --==--- _-::- ------- -- -- -- - -- -- -- -

Plant Cooling Tower 
- - Coolinq Pond or Lake On~e-·Throuah Svs tem - -

Plant ID Type of Capacity Type Height Diameter Water Type Surf ace Area Volume AVei"lilge Leno th of Pioe Diameter of Pioe Discharge 
R~ge M2 (10~) M3(103) 

Time 
C<>Qe ]>lo. Fuel MW Ft. Meters 

1 
Ft. M of Pond Acres Acre Ft. ' Ft. M Ft. M Type Comments 

I 

Natural I ! I 0640 NUCLEAR 916 Draft 425 129.5 325 99.6 28 
I I 
I 

I ! 850 250 4 1.22 

I 

Gravity 
1201 OIL & GAS 139.8 

i 

1201 OIL & GAS 792 ~tifical 1100 I 4460 9350 11556 l 00 
pray I 

5l05 OIL 1386 canal 7.351 29.8 

I Spray 5(Inlet) 1.828 3 mos .one = thr 
14 .1 7 132 163 .15 800 243 .84 Gi:ctvity 

2525 OIL 1165 Canal 0 (Outletl) 3.048 

r-·~ 
,cana 

l!Qatural 
0801 COAL.& GAS 300 Lakes 536.63

1 
2176 11234.3 13885 Gravity nee thro ugh 

I 
I 

1209 ct'llU.- & GAS· 820 units l& \ ~tifical canal wi be 

1209 NUCLEAR 1456 Canal 3860 15652 20,000 24719 100 1 
se&,~l".sa 1 4 

,Mechanic•l ~ngth of ower 
2612 NUCLEAR 700 Draft 62 18.89 48 14.63 30 3300 1005 11 3.352 

. I 
Gravity I 650 ft. 

Natural two towe s 

1 

4217 COAL 1640 Draft 323 98.45 247 75.28 28 ... T ~tifical 

4846 COAI 1150 Lake 2353 9541 50600 62541 
Artificai 

w 3713 COAL 2137 
1
Reservoir 32510 131830 1093600 135167 

...., 'f'latural 

Q) 3626 COAL 290 Lake 356 108.5 0,75 0.228 Gravity 
~uHi!?le ~r _ canaI will 

1723 NUCLEAR 1618 3619 1103 
i u er in1ta laQ 

16 4.876 Sy~tems f o rep ace if 
250(Inlet 76.2 5.5 (IN) 1.676 

r_,,, .,. 
2512 OIL 542.5 235 (Outle ) 71.62 7.5(0UT) 2.28 Mn 

I 
I 3115 OIL & GAS 644.7 

~o (Inlet) 12.19 5.5 (IN) 1.676 Gravity Concrete 

3117 NUCLEAR 457 I 5(0UT) 4.57 7.5(0UT) 2.28 Type Tunnel 

i 
80 24.38 4.5 1.51 2527 OIL 28 

spray -

0610 OIL & GAS 750 Pond 28 113.54 171 211 5 
~atural 3 such t P.,ers 

2119 C-OAL 2534 Draft 437 133.2 311 94.8 27.7 or 3 Uni s 



Many of these plants have onc~through or open condenser cooling water 
systems. _sources of cooling water for plants visited include lakes, 
wells, rivers, and estuaries. Generally, the water ~n these plants is 
discharged at the temperature at which it leaves the condenser. 
However, several "helper" systems were observed, where the water is 
cooled before being returned to the source, using a cooling tower or 
other device. One plant discharged cooling water to a municipal water 
system. 

some of the plants that have been designed with or 
through cooling systems are installing closed cooling 
result of environmental regulations. In most instances, 
plant capacity and efficiency has resulted when thi~ 
made. 

have used once­
systems as a 

a small loss of 
change has been 

Other plants visited have closed condenser cooling water systems, where 
the cooling water is not discharged to the receiving water, in order to 
avoid a thermal impact, but is recirculated utilizing cooling ponds and 
cooling towers. 

A number of plants use cooling i:onds. These may be artificially 
constructed lakes, or may be canal shaped. If available land is 
limited, a smaller pond may be constructed by utilizing spray modules. 
Among the plants visited with conventional cooling ponds, operation 
generally appeared satisfactory, and as predicted. Some plants using 
spray ponds, however, seem to be having difficulties in maintaining 
satisfactory operation with these units. 

Cooling towers are also used in a number of cases for cooling the 
condenser cooling water in closed recirculating systems. Both 
mechanical draft and natural draft wet towers were observed. Natural 
draft towers seem to have been specified in cases where there was 
concern over possible fogging effects from mechanical draft towers. 
Performance of plants with cooling towers appears to have been 
satisfactory in all cases. 
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PART B 

THERMAL DISCHARGES 

SECTION VIII 

COST, ENERGY AND NON-WATER QUALITY ASPF.cT 

cost and Ener~ 
~ 

The evaluatiai of the additional costs to be assessed against the power 
generated in a unit to which a helper or closed cooling system has been 
added are of prime importance to a utility. This provides a basis for 
determining the required rate increases. In addition, the capacity of a 
unit is reduced by the amount of power used in the cooling system plus 
any penalties that may be incurred by required shifting of unit 
operating parameters, primarily, the increase in the turbine exhaust 
pressure. This lost capacity muse be replaced, either by new capacity, 
or operation of other units more intensively. 

The economic analysis of adding a supplemental cooling system to an 
existing unit consists of evaluating the costs of the following: 

1. Installing the cooling system 

2. Operating and maintenance costs of cooling systems 

3. Providing additional generation capacity to replace power used or 
capacity lost 

4. Operating and maintenance costs for replacement capacity 

5. Additional cost of generation of remaining power due to a decrease 
in plant heat rate 

Once these individual costs are determined, the total cost for the 
addition of a cooling system to an existing plant can be developeq. 

There are a nunber of methods in which the costs can be evaluated. 
These methods include annual costs, present worth, and capitalized cost. 

Probably the most ~~ular method of comparing investment alternatives 
for return on capital is the present worth method. The result of this 
type of analysis, and the capitalized cost method, is a dollar value for 
each alternative. 

In this study, the interest is primarily in incremental costs, i.e., how 
many mills/KWH will the addition of a cooling system add to.the cost of 
generation of each KWH? Since generation costs are normally expressed 
in mills per kilowatt hour, this was chosen as the cost basis for the 
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addition of cooling systems. This cost was developed using the method 
of annual costs. 'Ihe additional costs for the year were totaled and 
divided by the power generated to give an additional generation cost. 

The capital investment involved in the addition of a new cooling system 
to a once-through plant can be split into two parts. The first is the 
installed cost of the tower and its necessary auxiliaries. These 
include new pumps, controls, power system, motor starters, and 
modifications to the existing condenser and piping system. The second 
part is the capital cost of the replacement generation capability. It 
is normally assumed tbat gas turbine uni ts will be installed to provide 
the power to replace that no longer available due to installation of the 
cooling system. Once these costs have been determined, the annual cost 
is determined by use of the fixed charge rate. The fixed charge rate is 
a percentage, which wten multiplied by the capital investment, gives the 
annual expenses incurred for the capital invested. Included in the 
fixed charge rate are interest on this capital, depreciation or 
amortization, taxes, and insurance. The actual fixed charge rates vary 
for each utility, tut generally they average around 15% for investor­
owned utilities. The fixed charge rate for publicly-owned utilities is 
normally several percent lower, with a 11% rate corresponding to the 15% 
for the investor-owned utility. 

Of the four items included in the fixed charge rate, interest on the 
capital and depreciation or amortization account for the larges~ portion 
of the total. Interest on the capital varies with the current cost of 
money. Depreciation or.amortization rates depend primarily on the life 
of the equipment to be built.. An installation with a life of 25 years 
would be depreciated at 4%, while an installation with a life of 5 years 
would be depreciated at 20%. 

When the complete plant is built at the same time, one rate is normally 
used to cover the entire installation. When adding a cooling system 
onto an existing unit, the period over which the cooling system is 
depreciated is the remaining life of the unit, not the life of the 
cooling system. Whether the cooling system will have any salvage value 
when the unit is shut dcwn depends on the location and type of system 
used. Obviously, if the cooling system can be switched to another unit, 
it will have salvage value. For evaporative type towers, switching to 
another unit is generally not possible," and the tower will therefore 
have no salvage value. It will usually be uneconomical to move the 
tower due to the high construction costs involved. Powered spray 
modules will have salvage value, as they could be moved to other sites. 
If the cooling system will have a salvage value when the unit is 
retired, the amount upon which the depreciation is figured is the 
difference between the installed cost and the salvage value. 

The operating and maintenance costs for a cooling system include the 
incremental power required by the pumps and fans (if mechanical draft is 
used) , maintenance and annual overhaul labor and parts and associated 
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overhead. Both the pumps and fans are low maintenance items, so the 
major cost is the energy to operate the system. one cooling tower 
manufacturer gives a figure of about $200 per year per fan cell as a 
tower maintenance ccst. The circulating pumps would normally be 
overhauled once a year, which is a two week job on the average. 

The amount of replacement generation capacity required is determined by 
adding the capacity penalty on the unit due to increased turbine 
backpressures to the ~wer required by the cooling system. The unit 
capacity rating is normally given for a stated steam inlet condition and 
flow, and corresponding turbine exhaust pressure. If the cooling system 
can be added without changing the turbine exhaust pressure, there is no 
backpressure penalty. However, if the turbine exhaust pressure is 
increased, which normally occurs with a closed cooling system, the 
output of the unit is decreased by up to several percent, depending on 
the increase in turbine back~ressure. Turbine manufac~urers supply the 
curves necessary to determine this decrease in capacity with the 
turbine. The backpressure cannot be increased without limit, without 
necessitating redesigns of the turbine. For current condensing 
turbines, the maximum turbine exhaust pressures are 17 to 18.5 kN/m2(5.0 
to 5.5 in Hg abs). Tt.e limiting factor is the design of the last stages 
in the turbine. Once the amount of replacement capacity is determined, 
its cost can be calculated. If new capacity is installed, it would be 
completely separate from the unit, and would be depreciated 
independently of the unit for which the capacity was required. 

The operating cost of this replacement power must be charged against the 
cooling system. The total operating cost would depend upon how many 
hours a year the additicnal generation was required. Throughout most of 
the United states, ~ak loads come during the summer months. Thus the 
replacement power would probably only be required during the summer. 
The remainder of the year, the units with backfitted cooling systems 
should be capable of handling the demand, even at the reduced capacity. 
The annual operating hours for which replacement power would be required 
and the associated cost would depend on the particular utility involved. 

Associated with any capacity penalty is an increase in unit heat .rate. 
The Joules (BTU) heat input to the unit is changed by adding the cooling 
system, but less power is generated due to the .higher turbine exhaust 
pressure. This means that more Joules (BTU) are being used per Kwhr 
generated. Again, by making use of the turbine curve, the corresponding 
magnitude of the change in generation cost can be de~ermined. Here 
again, the penalty will apply only part of the year. Only when the 
climatic conditions are such that the design turbine exhaust pressure is 
exceeded will this increased generation cost exist. Furthermore, the 
operation of the fans in mechanical draft towers need not be continuous 
throughout the year. Figure B-VIII-lais an example of how the net power 
output of a unit can te optimized by reducing fan power. This is again 
dependent on the specific unit in question. 
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once the annual.costs for the above items have been determined, they can 
be totaled to give an annual cost for the addition of the cooling system 
for the unit. The total generation expected to be delivered to the bus 
bar is then determined, and the additional generation cost due to addi­
tion of the cooling system can then be determined directly. 

cost Data 

cost data were obtained from the steam electric generating stations 
which were visited during the course of this study. The utilities 
involved were very helpful, with seventeen providing the requested 
information in time far inclusion in this report. In general, the 
plants chosen for the visits were those considered by the Regional EPA 
offices as being exemplary stations, or those having an exemplary 
treatment system. 

Nuclear plants and all three types of fossil-fueled plants (coal, oil, 
and gas) were visited. The size of the stations visited ranged from 28 
MW to the largest in the country at approximately 2500 MW. one station 
had a unit constructed in 1924. In the remaining stations, all units 
were constructed after 1952, with 12 stati~ns being constructed after 
1960. Of the total number of plants visited, 5 were nuclear. seven ~f 
the plants had once-through cooling systems, the remai~ing were on, or 
in the process of installing, closed or helper cooling systems. 

The types of closed systems involved were mechanical and natural draft 
cooling towers, spray canals, and man-made cooling ponds. One of the 
two helper systems inspected utilized natural draft cooling towers, the 
other spray modules in the discharge canal. 

Two types of information were requested, the first involved the physical 
description of the plant and its operation. The second was concerned 
with the cost of the plant, and the cooling system in particular. In 
addition, by visiting plants throughout the country, a great deal of 
information about regional problems and their solutions was collected. 

A compilation of the cost data is shown in Table B-VIII-1. Probably the 
most important feature of this table is the great variation of costs 
involved. The land for plant No. 5105, a 1157 MW station, cost 
$172,000. The land at plant No. 0610, for a 750 MW unit, cost 
$3,335,000, most of which was for a spray canal. In the table, the unit 
cost ($/KW) varies from a low of $68/KW to a high of $387/KW, with the 
higher values being those for the nuclear plants. The costs also vary 
with year of installation, with the older units having lower costs. The 
highest unit cost for a fossil-fueled station is plant No. 2527 at 
$155/KW, for a 28 MW station. Larger stations tend to have lower unit 
costs. Plant No. 2525 at 1,165 MW and a unit cost of $142/KW, seems to 
be an exception. 
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TABIE B-VIII-1 

COOLING WATER SYSTEMS - COST DATA 

PLANTS VISITED 

Plant 
ID 

Type of 

Fuel 

:,capacity,!' 1'~;;;~:;:~-;::=-t::::~f,,--,La;-:::$:-:a;---":~~~~=~=t':'$~~0::=:,r' E;'Coq=";,=}c:;,-.--.lir:~::-"a::-'i'"°l c"""co"'a.=pt+c"'~"'i'""'~r--\--,;g:::-~-,,nt:""t-a'"'. fo-+-~-.La-,$-::n-:;d_cd"°';"'~"'~=· i,.:~:..,t"'~'"'~+..~e.,.q:=~~::-~-t-+.==_,,-,.,--l-r-::--:~_,====!r-.o='i'ii;;;;.~-'=..;;..+~-o~-s-c-~-~-Y-:T =]= [J=, : 
, MW (1000) I (1000) (1000) 1$ (1000) $/KW (1000) (1000) (1000) $ (1000) Cost $ (1000) MW s stem in Sta ion 

0640 

1201 

1201 

5105 

2525 

0801 

1209 

1209 

2612 

4217 

3713 

3626 

1723 

2512 

3115 

3117 

916 i NUCLEAR 

!I orL • GAs 

1 

!IOIL & GAS 

139.8 

792 

I OIL 
11157 

1165 

I 

OIL 

COAL & G 300 

COAL & G 820 

NUCIEAR 1486 

NUCLEAR 700 

COAL 1640 

COAL 

COAL 

NUCLEAR 

OIL 

2137 

290 

1618 

542.5 

l
1

0IL & GAS 

[NUCLEAR 

644.7 

457 

2527 OIL 28 

0610 OIL & GAS 750 

2119 COAL 2534 

: 1969-74 

1956~59 
I 

1969-72 

1958-69 

1961-69 

1924-64 

1964-67 

1967-73 

1966-70 

1965-68 

' 1962-70 
I 

11952-55 

1966-72 
I 
11963-68 

1954 

11967-(3 

1964-66 

1968-72 

1969 

1958 

172 

605 

408 
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Land costs for cooling IX>nds or spray canals are higher than those for 
other systems due to larger land requirements. The cost of the cooling 
system as a percentage of total plant cost varied from l.3S% for a once­
through system to 91 for a spray canal system. The costs depend a great 
deal on local conditions. In addition to varying land costs, foundation 
problems vary as well as length of intake and discharge channels, etc. 
of the data collected, costs for cooling systems averaged less than 10% 
of the plant cost. 

operating and maintenance cost data for cooling systems are sketchy. In 
general, operating and maintenance costs appear to be a small part of 
the total operating cost for a station. In only one case was the 
reported operation and maintenance cost of the cooling system greater 
than 11 of the cap.ta! cost of the cooling system (Plant no. 3626). 
Energy required to operate the cooling systems, as reported, was 21 or 
less of the rated station capacity. Loss in capacity due to higher 
turbine exhaust pressures varied from 0.-4% to 2.51. 

of the five stations reporting increases in heat rate, three reported 
increases of 105 kJ/KWH (100 Btu/KWH) (roughly 1% of gross plant heat 
rate) or greater. When a specific station is considered for a cooling 
system other than once•through, the station cooling system design is 
normally optimized. ~his means some increase in turbine exhaust 
pressure, and consequently higher circulating water temperatures. This 
permits use of smaller cooling towers, and the savings realized on 
smaller towers more than off set. the increase in costs due to the higher 
turbine exhaust pressure. Thus part of the heat rate incre?se is 
intentional, and results in lower overall costs. 

The last two columns of the table describe the cooling. system currently 
in use or being installed and the reason for its installation. Stations 
employing different types of cl.osed cooling systems were included in the 
plants visited. In the table, a lake is differentiated from a cooling 
pond in that the lake in question was created by damming a stream in 
which the water rights did not belong to the power company. In a 
cooling pond the water rights belong to the utility involved. 

The last column designates whether the current cooling system is the 
original design or has been backfitted. Of the twenty stations visited, 
six are backfitted. Two of the stations visited were backfitting for 
the second time to meet increasingly stringent stream water quality 
standards. several of the plants backfitting with closed systems are 
doing so as a result of legal action. In these cases the trend has been 
to go to a closed system. The necessity of getting additional 
generating capacity "on line" has been an important factor in 
determining the course of action taken. 

It was evident from the visits that the spray canal with the powered 
spray modules is used primarily as a helper system to cool the 
circulating water to meet stream standards. This technology is 
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relatively new, and some ancilliary problems remain to be solved before 
this technology becomes sufficiently reliable for extensive utility use, 

A preliminary study 232 has been completed to assess the feasibility of 
backf itting closed-cycle cooling system with national draft cooling 
towers at two TVA powerplants. Plant No. 4704 has four units with a 
total capacity of 823 MW, has a capacity factor between 0.2 and 0.6, and 
will have 12 years useful service life after 1983. Plant No. 0112 has 
eight units with a total capacity of 1978 MW. Units 1-6 have a capacity 
factor between 0.2 and 0.6, and a useful life of 9 years after 1983, 
Units 7 and 8 have a capacity factor near 0.6 and a useful life of 29 
years after 1977. The pertinent results of the study are as follows: 

1) the conversions are feasible 
2) cost for plant No. 4704 is $16.5 million; _ 
cost for units 1-6 of plant No. 0112 is $18.6 million; and 
cost for units 7, 8 of plant No. 0112 is $15.0 million 
3) scheduled plant outage for any of the three is 2-3 months 

In each case the cost of the tower including foundations is about 40% of 
the total cost, civil work (dikes, pump station, earthwork, etc.) about 
40-50%, electrical work less than 3%, and mechanical work {pump, piping, 
etc.) about 10-15%. 

Based on the FPC Form 67 data for the year 1970 233, the capial costs 
reported for once-through (fresh) ccoling is $4.03 per KW, once-through 
(saline) is $4.63 per KW, cooling ponds is $5.43 per KW, and cooling 
towers is $6/25 per KW. The incremental cost shown of cooling towers 
over once-through systems is about $1.6 - $2.2 per KW. 

Costs Analysis 

The initial 
placing the 
hypothetical 
States. 

part of this work consisted of preparing cost estimates for 
various types of evaporative cooling in a number of 
plants in various representative loc~tions in the United 

Four typical plants were chosen: 

100 MW fossil-fueled unit 

300 MW fossil-fueled unit 

600 MW fossil-fueled unit 

1,000 MW nuclear-fueled unit 

Two condenser temperature rises were chosen, 6.1oc (12oF) and 11.1°C 
(20°F). These represent the lower and upper design averages in plants 
currently operating in the once-through mode, or plants that would be 
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considered for backfitting with closed cooling systems. A turbine 
exhaust pressure of 8.45 kN/m2 (2.5 in Hg) abs. was chosen as being an 
average of the units in this groqp. This pressure, plus the climatic 
coQditions, permitted design of a closed cooling system. 

The foµr locations chosen for this analysis were Seattle, Washington 
(cool), Phoenix, Arizona (hot and dry), Richmond, Virginia (average), 
and Pensacola, Florida (hot and humid). The wet bulb temperatures used 
were those listed as being e~ualed or exceeded only 5% of the time, on 
the ave~age during the four months of June through September. s2 This 
amounts to 110 hours for this period. 

The necessary information was submitted to three cooling tower 
manufacturers and twc powered spray module manufacturers for cost 
estimates. These conditions assumed 100% heat removal in the tower and 
no change to the generating unit, i.e., cooling water temperature was 
the same. Of the total of 32 separate plants resulting from the matrix 
of conqitions, 20 were capable of being backfitted with mechanical draft 
cooling towers, and 16 with natural draft cooling towers. use of 
natural draft towers in Phoenix were not practical due to low humidity. 

one powered spray module manufacturer proposed systems for 28 of the 32 
cases, while the other proposed for 16 of the 32 cases. The costs of 
the equipment only is spawn in Table B-VIII-2. The mechanical draft 
tower (wood construction) , and the natural draft tower (concrete 
consquction) , are the two t1pes of cooling towers most widely used in 
this industry. These are considered available technology~ Powered 
spray modules are being Q~ed for backfitting to reduce circulating water 
temperatures to meet $tream ~tandards. As such, they are available 
technology. At one majo~ plant the powered spray modules are being 
in~talled in a closed sy~tem. 

Table B-VIII-2 illustrates a number of points. The first is that under 
the conditions specif ieq, natural draft cooling towers are considerably 
mare expensive to buy than the other types. This is particularly true 
for smaller plant sizes in which the natural draft tower would not be 
expected to be competitive. However, operating costs are less, which 
makes their overall cost lower than the tower cost would seem to in­
dicate. For mechanical draft towers, it appears that concrete 
construction is more expensive than wood by a factor of 1.4. The cost 
of all the systems, exclusive of the natural draft tower is about the 
same. Thus if mechanical towers are used as a technology to investigate 
the costs of their application, use of the other systems would result in 
~imilar costs. This leaves a number of options open to utilities for 
about the same cost. Each plant would have to be evaluated on an 
individual basis to determine the most economical system for that 
station. cooling pends were not covered in detail since their use is 
not dependent upon equipment supplied by a manufacturer. Their cost is 
almost entirely comFosed of land cost and the cost of the retrofit. 
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TABLE B-VIII-~ 

COST OF COOLING SYSTEM EQUIPMENT 

Unit Unit Circulating Cost For System ($ x 10") 

Size Location Water Rise (F) Mech. Draft Mech. Draft Natural Powered ·spray 

(MW) wood Constr. .Conc~ete. Cantr. D:r;aft Modul~ 

Mfr. A Mfr. '.B Mfr. A Mfr. B 

100 Seattle 12 .400 ,550 2.5 .380 .364 
20 .459 .648 .650 2.8 .532 .401 

Phoenix 12 .612 .857 .~25 .684 .765 
20 1.596 

Richmond 12 .567 . 798 o .aoo 4.1 .684 .656 
20 1.293 

Pensacola 12 • 728 1.019 0.955 4.3 .836 
20 

300 Seattle 12 1.050 1.442 3.9 l.064 .875 
20 1.195 1.665 1.490 4.7 1.293 1.130 

Phoenix 12 1.768 2.478 2.232 1.824 1.933 
20 4.180 

Richmond 12 1.640 2.300 2 .010 8.0 l.748 1.695 
20 3.345 

Pensacola 12 2.025 2.835 2.530 8.3 2.05 
20 

600 Seattle 12 1.815 2.491 5.5 1.748 1.531 
20 2.154 3.014 2.640 6.8 2.200 1.763 

Phoenix 12 3.102 4.332 3.825 3.118 3.390 
20 7.22 

Richmond 12 2.648 3.705 3.525 14.6 2.965 2 .984 
20 5.700 

Pensacola 12 3 .497 4.897 4.470 15.1 3.57 
20 

1000 Seattle 12 4.275 5.867 10.l 4.180 3.255 
20 4.840 6.780 6.000 14.7 4.940 3.933 

Phoenix 12 7.281 10.191 9.050 7.380 8.070 
20 16.040 

Richmond 12 6.765 9.465 8.250 30.8 6.920 6.984 
20 12.700 

Pensacola 12 8.337 11.677 9.900 31.9 8.51 
20 
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This option is available for use and considered as a lower cost 
available technology for those plants where suitable land is available. 

operating Costs 

For the overall costs analysis, the additional cost (in mills/KWH) to 
install and operate a mechanical draft cooling tower as a function of 
the percent of heat removed from the circulating water is generally 
representative of the overall cost of the application of effluent heat 
reduction technology, due to general similarity of costs among available 
technologies. Due to the broad spectrum of unit sizes and conditions 
throughout the United States, the number of cases studied had to be 
strictly limited to :i:rovide a manageable number of analyses. The first 
restrictions were made on the basis of the categorization of the 
industry. Fossil-fueled plants only were considered, as these make up 
the bulk of existing facilities at present. ~he next break came on the 
basis of unit use. A statistical analysis of the plants reporting to 
FPC on Form 67 resulted in the statistics shown in Table B-VIII-3. 
Based on these figures, the figures shewn in Table B-VIII-4 were used in 
the analysis. The only adjustment, other than rounding off, were made 
in the heat rate. These heat rates are based on total fuel burned and 
total KWH's generatec during the year. Since by definition a base unit 
is operating at or near capacity most of the year, this heat rate is 
fairly representative of the actual heat rate while operating at near 
full capacity. The same is not true of the other two cases. The cyclic 
unit, operates for longer periods of time at lower loads, where 
efficiency is lower. This unit may act as spinning or standby reserve 
where the boiler is u~ to pressure, but littie power is being generated. 
Thus the heat rate is higher than that actually existing when the plant 
is operating at near full capacity, the heat rate desired for this 
analysis. The cyclic unit heat rate was reduced to 12,000 kJ/KWH 
(11,500 BTU/KWH), considered to be more truly representative of the 
actual unit heat-rate. 7he same factors influence the heat rate of the 
peaking unit, even to a greater degree. The heat rate of peaking units 
was reduced to 13,200 kJ/KWH (12,500 BTU/KWH) as being a more realistic 
figure. Note that when a unit is being held in a warm standby condition 
it is normally not connected to the circulating water system. Thus, 
most of the increased heat is discharged to the stack and not to the 
receiving water. since the purpose of the analysis was. to determine the 
range of costs invclved in installing wet cooling towers on existing 
units, three wet bulb temperatures were chosen as the worst, near 
average and best wet bulb temperatures, for cooling tower design 
purposes, in the United States. The worst, or highest wet bulb 
temperature was 2aoc (830F). This was at the 11 level, exceeded only 
one percent of the time during June through September. An average 
chosen was 24oc (750F), and the lowest summer wet bulb at the 11 level 
was 14oc (5 70 F) • 

The remaining factor 1fliaS unit age, and this was taken into consideration 
as unit remaining life, assuming a unit life of 36 years. The median 
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TABLE B-VIII-3 
HYPOTHETICAL PLANT OPERATING PARAMETERS 

I 

r Type Hours Up Heat Rate _Capacity Bus Bar Cost 
of Unit per Year kJ/KWH BTU/KWH Factor Mils/KWH 

Base 7685 11,231 10,636 0.77 6.24 

Cyclic 4475 13,192 12,493 0.44 8.35 

Peaking 1155 16,677 15,793 0.09 12.50 

TABLE B-VIII-4 
REVISED PLANT OPERATION PARAMETERS 

Type Hours Up Heat Rate Capacity Bus Bar Cost 
of Unit per Year kJ/KWH tBTU/KWH Factor Mils/KWH 

: 
Base 7690 11,088 10,500 0.77 6.34 

Cyclic 4500 12,144 11,500 0.44 8.35 
Peaking 1200 13,200 12,500 0.09 12.50 
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ages of the three age categories, 6, 18, and 30 years, were used. 
gives a total of 27 cases, 3 types of units multiplied by 3 wet 
temperatures multiplied by 3 ages. 

This 
bulb 

some additional information on the unit must be specified. The plant 
size chosen was 300 Mw. By using a 300 MW unit, some idea of the 
magnitude of the various costs could be made. Since parameters and 
costs used varied linearly with unit size, the costs, in terms of 
mills/per KWH, will be a~plicable to any unit for which the basic 
assumptions are valid and operating parameters fall within the range 
indicated. It was further assumed that operation of the unit at a 
turbine exhaust pressure of 8.45 kN/m2 (2.5 in Hg abs) would incur no 
operating penalty other than the power requirements of the tower and 
pumps. 'Any increase in fressure above this would result in both an 
additional capacity penalty and a fuel penalty. 

A circulating water temperature rise of 16.7oc (JOOF) was chosen as 
being the highest to be found in the Wlits being considered for 
backfitting. Due tc the restrictions on approach and cold water 
temperature to the condenser, this is the most restrictive set of 
temperature criteria for tower design. The other extreme of circulating 
water rise is about 6.7°c (120F). For the same size plant, the cooling 
water flow would be increased by a factor of 2.5. This has a 
significant effect on tower cost, but the temperature criteria are much 
less restrictive. ~his permits, as will be explained later, 
modification of the cooling system to significantly reduce the cost for 
the case with a 6.7oc (12°F) temperature rise. 

Two additional parameters were chosen, the first was a- terminal 
temperature difference cf 5.5°c (10°F) in the condenser. The second was 
to establish 6.7oc (120F) as the minimum approach to be used in tower 
design. This value was determined through conferences with cooling 
tower manufacturers. 

The above plant characteristics are summarized in Table B-VII-5. 

A number of additicnal assumptions related to the economics of the 
utility industry were necessary to complete the analysis. Since the 
pumps required to circulate water through the cooling tower are not 
included in the cost of the tower, these were priced using a total 
dynamic head of 24 meters (80 1 ), of this 24 meters (80'), 18 meters 
(60 1 ) was required in the tower, and the remaining 6 meters (20'~as for 
pipe losses and additional lift required. Since most once-through 
condensers make use of the siphon effect to lower pumping requirements, 
the original pumps are low head, and would not be suitable for cooling 
tower service. There are a number of ways in which the cooling tower 
could be connected, but all include new pumps, either to handle the 
entire system or to be placed in series with current pumps. The cost of 
the pumps was estimated at $100/HP, and an overall pump-motor efficiency 
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TABLE B-VIII-5 
TYPICAL PLANT CHARACTERISTICS 

Unit Size - 300 MW 

Unit Types - Base, Cyclic, and Peaking 

Wet Bulb Temperatures - 83°F, 75°F, 57°F 

Median Remaining Unit Life - 6, 18, and 30 years 

Circulating Water Rise - 30°F (Upper Limit) 

Condenser TTD - 10°F 

Cooling Tower Approach - 12°F minimum 
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of 80% was assumed. 'Ihe cost of connecting the cooling tower into the 
existing circulating water system is site dependent and is therefore 
extremely variable. Factors that influence the cost of the tower 
installation include the relative locations of tower and plant, the type 
of terrain and soil conditions, and the site, type and locations of 
connections that must be broken into. Indirect costs for engineering, 
legal, and contingencies must also be included. 

Table B-VIII-1 shows the cost of installing the cooling systems at the 
plants visited during the study. The average value for retrofitted 
closed cooling systems was $14.1/KW, and average value Qf $15/KW was 
assumed for the purposes of this analysis. For a 300 MW unit, this 
amounts to $4,500,000 for the complete installation. The cost of the 
tower and pumps alone for this installation woQld be approximately 
$1,121,600. Therefore, the total installed cost is approximately 400% 
of the cost of the major equipment involved. The basis for this 
estimate was a base unit installed at a location where the design wet 
bulb temperature was 75°F. The cost will vary for other wet bulb 
tem~ratures with a range of about $13/KW to $25/KW. 

For the purposes of the economic analysis a markup of 3oooc above the 
the base cost of the rr.ajor equipment items was allowed to cover the 
installation costs and indirect costs mentioned above. This allowance 
is considered to be ccnservative for most cases. 

To determine the tower costs, the cost information .on mechanical Qr'aft 
towers from Table B-VIII-2 was used to develop a linear -relationship 
between the tower parameters (approach, range, flow, and wet bulb) and 
cost. The variation in cost was less than 5% at the 2a 0 c (750F) wet 
bulb temperatures, and averaged less than 15% for the 14oc (570F) wet 
bulb temperature. Land cost was not included in the tower capital cost 
due to wide variation throughout the country. 

Fan power requirements were also determined in a similar manner, with 
less than 101 variation. The operating cost of the towers was assumed 
to be primarily the ccst of the electricity to run the fans and pwnps, 
and was charged at the average rate for the particular type of unit, 
except in the case of the peaking unit. In this case the average power 
cost was 2.5 mills/KWH higher than the operating cost of replacement gas 
turbines, assumed to be 10 mills/KWH. Thus in this case, it was assumed 
that the power required to operate the tower cost 10 mills/KWH. Ten 
percent of the operating cost of the fans and pumps was added to cover 
maintenance and parts for this equipment. 

Since there were three remaining life spans considered, and since the 
tower had essentially no salvage value, the cost of the tower had to be 
absorbed during the remaining plant life. To account for this, three 
fixed charge rates were used, one for each of ·the three remaining life 
spans as follows: 6 years - 301, 18_ years - 19%, and 30 years - 15%. 
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These are rates for investor-owned utilities; public utility rates would 
be lower. 

It was assumed that the energy required by the cooling tower system was 
replaced with energy i:_rcduced by a gas turbine. In addition, any 
capability loss due to operation at higher turbine exhaust pressures was 
replaced with gas turbine generating capacity. It was assumed that the 
installed cost of these gas turbines was $90/KW. 1970 costs are used 
throughout this analysis. Since the life of these units was independent 
of the unit whose power they were replacing, a 30 year life was assumed 
and the fixed charge rate was accordingly 15%. If base load capacity 
were used in place cf turbines to replace the capability loss, the 
annual costs of replacement capacity would be less. 

Any increase in turbine exhaust pressure results in a big.Per heat rate, 
and consequently a higher generation cost. The following changes in 
heat rate were assumed. They were taken from a typical curve for a 
turbine with initial steam conditions in the superheat region. Values 
used are shown in Table B-VIII-6. 

This increase in genezating cost was based on the 
cost for the type of unit being considered. 
assumptions are summarized in Table B-VIII-7. 

average generating 
These factors and 

several additional assumptions were made about each type of unit, base, 
cyclic, and peaking. These were mainly concerned with the number of 
hours the gas turbine would operate and the fuel penalty that would be 
assessed. Since the ~eak load normally comes in the summer months and 
this period is the critical one for tower operation, the penalties 
normally apply during this period. For the base units, it was assumed 
that they would operate under penalties equivalent to full penalty fo~ 
one half of the average number of hours per year. Cyclic units were 
assumed to operate under full penalties for 2,000 hours per year. Since 
peaking units average 1,800 hours per the penalties would apply duting 
the full 1, 800 hours of operation. These values are considered near the 
maximum, and the actual values will vary from unit to unit. Shut down 
of the unit is required during the time required to connect the cooling 
tower into the existing circulating water system. The time required to 
make this connection will depend on the layout and accessibility of the 
existing cooling water system compments. It is estimated that the time 
required to perform this work will vary from 2 to 5 months, depending on 
these conditions, with an average time of 3 months. One month. of this 
requirement can norrra lly be scheduled to coincide with the annual 
maintenance period when the unit is down in anycase. Therefore, 
additional cost will be incurred to supply the power norm~lly generated 
by the unit for a period of two months. It is further assumed that 
shutdowns to allow these modifications to be made can be scheduled to 
coincide with periods of low system demand. Therefore, replacement 
power can be obtained by higher utilization of other equipment in the 
system rather than by wholesale import of power from other sources. 
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Table B-VIII-6 

ASSUMED INCREASE IN HEAT RATE COMPARED TO BASE HEAT RATE AS A FUNCTION 

OF THE TURBINE EXHAUST PRESSURE 

Turbine Exhaust Pressure, in Hg Increase in Heat Rate, % of base 

2.5 Base 

3.0 0.4 

3.5 o.a 
4.0 1.4 

4.5 2.0 

5.0 2.8 

5.5 3.6 



Table B-VIII-7 

COST ASSUMPTIONS 

Pumps required for tower 

Tower cost 

Fan power 

Pump power 

Fan and pump operating cost 

Fixed charge rates 
6 yr remaining life 
18 yr remaining life 
30 yr remaining life 

Replacement power 

Replacement power fixed charge rate 

Fuel penalty 

$100/HP @ 80 ft of head, 
80"/o overall efficiency 

Interpolation from Table B-VIII-2 

Interpolation from Table B-VIII-2 

80 ft of head, 80% efficiency 

Electrical energy at average for type 
of unit, plus 20"/o for maintenance 

30"/o 
19% 
15% 

Combustion gas turbines @ 90$/KW 
and 10 mills/I<WH 

15% 

Assessed at cost of generation for type 
of unit considered except for peaking 
units, where cost is 10 mills/KWH 



Replacement power for base-land units undergoing these modificiations 
will be supplied by operating cycling units more intensively. The 
utilities will incur additional operating costs because these units are 
typically less efficient than the base-loaded units. A differential 
energy cost of 3 mills/KWH was assumed to be representative of the 
increased operating costs of these types of units. The total costs 
associated with loss of the unit was obtained by multiplying the 
capacity of the unit by the number of hours affected, the units annual 
capacity factor and the differential operating cost. The decreased 
utilization of cycling and peaking units will generally allow them to be 
modified without inCl,lrring downtime costs as high as the base-load 
units. However for the purposes of consistancy of the analysis, similar 
penalties were assessed against these units as well. 

In order to extend this cost to the remaining units of power. production. 
The total cost was considered to be money borrowed at an annual interest 
rate of 81 compounded. This loan was then assumed to be repaid over the 
remaining life of the unit and the.annual costs obtained were spread 
over the average annual generation. 

A sample calculation for a peaking unit with a 24oc (750F) wet bulb 
design temperature, is shown in Table B-VIII-8. The procedure was to 
assume 8.45 kN/m2 (2.5 11 Hg abs) turbine exhaust pressure with its 
corresponding 99°F hot wate~ temperature. With a minimum approach of 
6. 1oc ( 12°F) , the rraximum range of the tower is 6. 7oc (120F) or the 
percentage of heat removed is 12/30 or 401. Using a minimum range at 
s.s0 c (10°F) the I of water flow through a tower for heat removals below 
40% were determined. The turbine exhaust pressure was then increased to 
10.l kN/m2 (3.0 in Hg abs), the maximum heat removal determined (601) 
and conditions for rereoval of from 401 to 601 removal determined. The 
same procedure was used at 11.8, 13.5, and 15.2 kN/mZ (3.5, 4.0, and 4.5 
in Hg abs) until 1001 removal was obtained. The analysis then proceeded 
in an orderly fashion as shown in 'I-able B-VIII-8. The other 26 cases 
were treated in a similar manner, and the result was a set of nine 
graphs showing the range of additional generation costs involved in 
backfitting the hypothetical 300 MW unit with mechanical draft cooling 
towers. Since all factors were linear with size, these costs will be 
applicable to any size ~lant in which the basic assumptions are still 
applicable. conversations with cooling tower manufacturers indicate 
that for mechanical draft towers only a small variation in cost would be 
expected in the range of units involved, including a l MW plant. Pump 
:::osts may increase in the smaller size units. 

rhe first three graphs, Figures B-VII.I-1, B-VIII-2, and B-VIII-3, cover 
:>ase-load units. Additional generaticn costs ranged from a low of 0.60 
nills/KWH at a 13.90C (570F) wet bulb temperature and 30 year remaining 
Life to a high of O. 6 5 mills/KWH at a 2 8. 3°c wet bulb temperature and 6 
~ear remaining life. These are for 1001 (actually abo~t 981) heat 
removal. As indicated en the graphs, it was necessary to increase 
turbine exhaust pressure in every case to achieve 1001 heat removal 
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Turbine 

Exhaust Percent Percent Tower 

Pressure of Heat of water R<ulge 
in. Hg abs. RemovalthruTower loF) 

2.5 40 iOO 12 

30 90 10 

20 60 10 

10 30 10 

3.0 60 100 18 

50 100 15 

40 95 13 

3. 5 77 100 23 

70 100 21 

60 100 18 

4.0 93 100 28 

90 100 27 

80 100 24 

70 100 22 

4.5 100 100 30 

90 100 27 

Tower 
Approach 

(OF) 

12 

14 

14 

14 

12 

15 

17 

12 

14 

17 

12 

13 

16 

18 

15 

18 

TABLE B-VIII- 8 

COOLING Ta'lER ECONCMIC ANALYSIS 

(300 M"lfle Unit, Peaking Service, W'et Bulb Temperature 7S°F) 

Tower Pump Total 

Cost Ct5st plus 

s - 25\ 

760, 700 354,200 _l,393,_600. 

531,200 318,800 l,062,50q 

354,400 212,500 708,600 

176,800 106,300 353,80Q 

l,067,300 354,200 1,776,909 

749,40i 354,200 1,379,501 

1 561,20cj 336,500 1,122,lOd 
, I 

1,214,900 354,200 l,96l,40Q 

I 
965,100 354,200 ,l,649,109 

I I 
760, 700 354,200 ;l,393,601 

1,351,100 354,200 l2,l3l,60d 
I 

:1,203,500354,20011,941,100 
, I 

Annual Annual Total 

---'An"""n"'ua,.1'--"'Co:;s'-"t~---Fan Oper ... Pump Jper-plus 10% Fan 
Ei Year 18 Year 30 Year ing Cos" ing' r:ost for Main. Power 
Life Life Lift JS-L _ LS l W Ifie 

418,100 264,800 209,ood 0,500. 31_.200"_ 4~200 .7 

318,800 201,900 159,400 6,000 28,600 38,100 .5 

212,600 134,600 106,300 

106,100 67,200 53,lOd 

533,100 337,600 266,50d 

413,800 262,10~ 207,000 

336,600 213,200 168,300 

588,400 372, 700 294,2'00 

494,700 313,300 247,400 

418,100 264,800 209,000 

639,500 405,000 319, 700 

584, 100 369, 900 292, 100 

4,000: 19,000 

2,000: 9,500 

12,000 ! 31, 7-'lD 

8 '400 ! 31, 700 

6,200 I 31,100 

13, 700 31, 700 

10,800 31, 700 

0,500 31, 100 

15,100 I 31, 100 

13,600: 31,700 

25,300 • 3 

12,600 .2 

48 ,ooo 1.0 

44,100 • 7 

41, 700 .5 

49,900 1.2 

46,-800 .9 

44, 200 • 7 

51,500 I 1.3 

49,800 1.1 

931,000 354,200 1,606,500 482,000 305,200 241,000 10,400 31, 700 i 46,400 

I 

.9 

772, 100 354 / 200 .1, 707, 900 422, 400 267, 50Q 

.1..,112, 700 354,200 \l,833.60q 

874,300 354,200 :l,535,601 

I 
i 

I 
i 

I 

550,100 348,400 

460, 700 291,800 

211, 200 

275,00q 

I 
230,309 

8,600 i 31, 70\J 44,400 • 7 

12,500. 31, 700 48 ,600 1.0 

9,800. 31, 700 45, 700 .0 

Pump 

Power -
2.4 

L6 

.8 

2.6 

2.6 

2.5 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

2.6 

capital Annual Fuel Additional Generating Cost lmills/KWH) 
capacity Total Cost of Cost Operating Penalty 6 Year 18 Year 30 Year 
Penalty Penalty Gas Turbine 15% Cost Cost Re'aaining Remaining Remaining 

---------- ~ I -f- i $ $ $ 

9_~ -t 10l,500. 45,20D. 40,200. 

2.9 

1.9 

l.O 

1.4 5.0 

L4 •. 7 

1.4 4.4 

2. 7 6.5 

2. 7 6.2 

2. 7 6.0 

4. 7 8.6 

4. 7 8.4 

4. 7 8.2 

4. 7 8.0 

6.8 10.4 

6.8 10.2 

259, 20~ 

171,9001 

I 
85,5001 

435,609 

408,60~ 

380, 100; 

38,900 I 

25,800 

12,800 

65,300 

61,300 

57,100 

556, 200: 83, 400 

i 
534,60q 00,200 

I 

511,soq 11 ,600 

I 
729,000 109,401 

717,300 107,60~ 

693,90~ 104,lOd 

i 
680,40q io2,1oq 

34,600 

22,900 

11,400 

58,000 18,000 

54,500: 18,000 

50,000 I 10,000 

74,200: 35,800 

71,300 35,800 

69,000 1 35,800 

97,200: 65,100 

I 
95,600 : 65,100 

92,500 65,100 I 

90, 700 ' 65,100 

871,20~ 130, 109 116,200' 88,200 

121,10d 113,500 88,200 i 

Life Life Life 

2.14 

2.34 l.70 

J..56 1.13 

• 77 .56 

3.93 2.86 

3.22 2.39 

2. 74 2.01 

4.80 3.62 

3.96 2.98 

3.50 2.67 

s. 23 3.96 

4.90 3. 74 

4.29 3.33 

3.94 3.10 

5.08 3 .98 

4.54 3.62 

l.84 t 

1.47 

.98 

.49 

2.48 

2.09 

l.83 

3.20 

2.62 

2.37 

3 .49 

3.32 

2.98 

2. 79 i 

3.58 

3.29 
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within the limitations placed on the hypothetical unit. At an a~erage 
generation cost of 6. 24 mills/KWH, the maximum additional cost of 1.10 
mills/KWH is an increase of about 17%, with the minimum for 100% heat 
removal of about 10%. 

To evaluate the effect of circulating water rise on additional 
generation cost, additional calculations for a 6.7°c (12°F) circulating 
water rise were mace for the 30 year and 18 year remaining life 
categories at a 23. 9 °c (75°F) wet bulb temperature. The 6. 7°c (120F) 
rise approximates the lowest value found in current plants. The results 
are shown in Figures B-VIII-4 and B-VIII-5. At heat removal fractions 
above 50%, costs are significantly higher. These higher costs are 
deceptive, because a simple change to the system can reduce the cost to 
approximately that at the 16. 7°c (30°F) rise case. This change involves 
increasing the turbine exhaust pressur~ and then cooling only part of 
the circulating water to a level below that required. The required 
temperature is obtained when the two streams are remixed. This is 
possible due to the larger temperature difference between the wet bulb 
and cold water temperatures than in the 16.7°c (30°F) rise case. The 
tower cost is significantly lower due to the lower flow through it. For 
example, by increasing the turbine exhaust pressure to 11.8 kN/m2 (3.5 
in Hg) and cooling 60% of the water ll.1°c (20°F'), the additional 
generation cost is reduced from 1. 0 mills/KWH to 0. 7 mills/KWH. Thus 
the higher costs for the 6. 7 °c (l 2°F) rise case can be subs-tantially re­
duced, an option not as readily available in the 16. 7°c (30°F) rise 
case. The cost of this scheme is variable depending upon site 
conditions and plant layout. 

The results for the cyclic unit are shown in Figures B-VIII-6, B-VIII-7, 
and B-VIII-8. The curves have essentially the same shape as the. bas~­
load unit curves, ho\oliever, the additional generation costs are doubled. 
The reason for this is that there is much less power generated in a 
cycling plant against which the cost of the cooling towers can be 
charged. With a six year remaining life, the 75°F wet bulb case results 
in a higher incremental cost than the 83°F wet bulb case. For the 18 
and 30 year remaining lives, the costs for the 750F and a3op cases are 
the same. The capacity factor for the cycling plant is 44% versus 77% 
for the base~load unit. The penalties were assumed to be the same as in 
the base-load unit, as the cycling units would be heavily used during 
the summer peak load. If this were not.true for specific units, the 
cost would be somewhat lower. 

The costs for the pea king uni ts are shown in Figures B-VIII ... 9, B-VIII-
10, and B-VIII-11. The costs for these units are almost an order of 
magnitude greater than those f_or the base-load unit. The maximum was 
11. 0 mills/KWH for a unit with 6 years remaining life and the minimum 
was 4. 5 mills/KWH for a unit with 30 years remaining life. Here again 
the major difference was the number of KWH's against which the cost of 
the cooling system could be charged. The capacity factor for peaki~g 
units used was 9% as cpposed to 77% for base-load units. The change in 
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additonal generation cost with change· in capacity factor, all other 
factors remaining the same, can be determined from Figure B-VIII-12. 

The cost of backf itting mechanical draft towers on nuclear units was 
also determined, using the same techniques employed for the 300 MW 
fossil-fueled plant. Except for a few small experimental units, most 
nuclear facilities fall in the 500 to 1000 MW size range. An 800 MW 
nuclear unit was assumed for the economic analysis. The heat rate 
assumed was 11,088 kJ/KWH (10,500 BTU/KWH), with 6,864 kJ/KWH (6,500 
BTU/KWH) being rejected through the condenser. Two circulating water 
temperature rises were used, 16. 7°c and 6. 7°c (30°F and 12°F). The 
remaining assumptions were essentially the same as for the 300 MW 
fossil-fueled unit. Since there are no large nuclear units over ten 
years old, only 18 and 30 years remaining lives were considered. All 
nuclear units presently are base-loaded, so only the base-load case was 
considered. ~et bulb temperature used for tower design was 23. 9oc 
(7SOF). capacity factor used was 70%. 

The costs resulting from this analysis are shown in Figures B-VIII-13 
and B-VIII-14. For the 16. 7 °c (30°F) rise, the additional generation 
cost was higher than for the fossil-fueled unit due to the increased 
heat rejection to the water as expected. Here again the case where the 
circulating water rise was 6. 7°c (12°F) was the most expensive, 
However, the comments concerning this in the fossil-fueled analysis are 
equally applicable to this case. 

Reference 368 presents nomgraphs which permit the estimation of cooling 
system performance anc costs. 

Energy (Fuel) Requirements 

Energy significantly in excess of that normally required by the 
circulating water system is required to operate all cooling systems ex­
cept the cooling pond. With spray canals, the water is pumped into the 
spray nozzle. The natural draft tower requires the water. to be pumped 
to the top of the packing. In the mechanical draft tower, in additior: 
to pumping the water to packing, power is required to run the fans .whid 
move the air through the tower. The amount of energy required varies 
by a factor of three for mechanical draft towers due to its dependency 
on condenser design and climatic conditions. A condenser with a high 
flow rate and low temperature rise requires more pumping energy than a 
condenser with a lower flow rate and higher rise, for the same size 
plant. With adverse climatic conditions, more air is required, 
resulting in bigger fans requiring more energy. 

Fan motors for mechanical draft cooling towers are about 0.2 percent of 
the unit generating capacity; pump motors are about O. 5 percent. 
However, fans and pumt:s need not be operated continuously year round. 
Both fan power and rump power can be reduced along with the generating 
demand. Furthermore, fan power can be reduced when climatic conditions 
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permit to optimize the net unit power output. Only incremental pumping 
power should be considered as chargeable to closed cooling systems. 
incremental energy (fuel) consumption due to fans and pumps with 
mechanica1 draft cooling towers is estimated to be approximately 0.7 
percent of tase energy (fuel) consumption. With natural draft towers 
and spray systems there is no fan power but incrementai pumping power is 
estimated to be api:roximately 0.7 percent or iess of base fuel 
consumption. W~th cocling ponds there is no fan power and pumping power 
would be approximately the same as with once-through systems. 

A further source of incremental energy (fuel) consumption due to 
closed-cycle cooling systems is the incremental steam cycle inefficiency 
due to changes in the turbine backpressure. In many cases higher 
turbine backpressures will result after backfitting closed-cycle cooling 
systems. In these cases the higher backpressures will result in 
incremental steam cycle inefficiencies during most of the years. The 
incremental fuel consumption over any span of time due to this factor is 
a product of the average incremental inefficiency over that span and the 
power generated over the span. For example, the f uei consumption 
penalties due to increased turbine backpressure from a closed-cycle 
cooling system (See Figure B-VIII-15) is shown in Table B-VIII-9. The 
maximum penalty during any month is 0.7 percent of base fuel consumrt_ion 
during that month. Assuming uniform power generating from month to 
month, the annual penalty is 0.2 percent of base fuel consumption. The 
greatest fuel penalty expected would occur when the wet bulb temperature 
reaches the maximum level for which the evaporative cooling system is 
designed, i.e. the wet bulb temperature which is exceeded no more than 
51 of the time during June, July, August and September. For the plant 
shown the maximum penalty is 2. 1 %. In the case of a new source the 
penalties would not be as great due to the opportunities to optimize the 
design of both the steam system (turbine, etc.) and the cooling system. 

The total annual fuel penalty for the example above is 0.9 percent of 
base fuel consumpticn, assuming that the power generated from month to 
month is about the same. If the plant shown generates twice as much 
power during the months of June through September compared to other 
months, the annual back~ressure penalty would approximately double to 
O. 4 percent, increasing the overall annual penalty to 1.1 percent of 
base fuel consumption. Based on the analysis above, an annual fuel 
penalty of 2 percent cf base fuel consumftion would be conservative. 

Loss 9£ Generating Capicity 

In the case of Plant no. 3713 described in the above discussion of fuel 
requirements, the loss cf generating capacity imposed by a closed-cycle 
cooling system would be the sum of the fan power and pump power require­
ments (0.71) and the maximum backpressure penalty (2.1%), or a total of 
2.81 of nameplate generating capacity. While the direct effects of 
these penalties would be felt as lost generating capacity only when the 
demand for generation and climatic conditions coincide to actually limit 
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Tabl.e B-VIII-9 

ENERGY (FUEL) CONSUMPTION PENALTY DUE TO INCREASED TURBINE BACKPRESSURE 
FROM CLOSED-CYCLE COOLING SYSTEM *** 

Example calculated for plant no. 3713 

Month Dew Point Air Wet Bulb Condenser Out- Condensing Backpressure, Fuel Penalty~ 
0 0 0 0 0 in of Hg % of base Temp., F Temp., F Temp., F let Temp., F Temp., F 

J 32 42 38 68 73 0.82 O.l** 
F 32 43 39 69 74 o.85 0.1** 
M 36 50 43 73 78 0.97 o.o 
A 46 59 52 82 87 1.29 o.o 
M 56 68 60 90 95 1.66 0.1 
J 64 75 68 98 103 2.11 0.5 
J 67 78 70 100 105 2.24 0.7 
A 67 77 70 100 105 2.24 0.7 
s 61 71 64 94 99 1.88 0.3 
0 50 61 55 85 90 1.42 0.2 
N 39 50 45 75 80 1.03 o.o 
D 32 42 38 68 73 0.82 0.1** 

Annual Average 0.2 
-

** Note: This plant normally reduces the flowrate of cooling water in the winter to 
minimize this type of penalty, therefore flowrate reduction with the closed­
cooling system is also assumed to eliminate the penalty during the winter months. 

* Note: Assumes no penalty for once-through system, which is probably the case for 
plant no. 3713. Some penalty for once-through systems could occur for other 
plants during the summer months. 

*** Note: The values given in the table are computed from mean values for each month. The 
maximum backpressure penalty for whi~h the cooling ststem would be _designed to 
operate would be base on the wet bulb temperature which 'Would be exceeded no 
more than 5% of the time during the three months of summer. For plant no. 3713, 
this wet bulb temperature is 80°F and the maximum backpressure penalty is 2.1%. 

-



generaticn to below nameplate capacity, the probability of such an 
occurrence must be considered in system planning leading to the 
construction of replacement generating capacity. 

The economic analysis of the cost involved in installing cooling devices 
on the circulating water systems assumed average site conditions. At 
any particular station, costs will be affected by specific conditions 
existing at the site. scme of the more important factors are the 
following: 

1. cost of needed land 

2. Layout of existing structures in plant 

3. Design pressure of existing circulating water system 

4. soil conditions at the site 

5. Site geology and tofography 

6. Replacement generating capacity cost 

7. Power requirements of system 

8. cost of connecting unit, including loss of unit's capacity 

9. Related changes required within the station 

10. Reduction of non-water quality environmental impacts 

Non-Water Quality Environmental Impact of Control and Treatment 
Technology 

General 

The potential non-water quality environmental impacts which could 
influence type of syst €m selected or which must be minimized in certain 
cases include these listed below. 

1. Drift, resulting in salt deposition on surrounding areas. 

2. Fogging, visual impact and safety hazards. 

3. Noise levels unacceftable to neighbors. 

4. Height, creating aviation hazards. 

5. Water consumption by evaporative systems. 

6. Aesthetic considerations, visual impact of cooling device. 
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The influence of the majority of these factors on the selection and cost 
of the installation of these cooling systems is summarized in Table B­
VIII-10, with a detailed discussion below of each factor included in the 
table. 

size of Plant 

The use of natural draft towers is normally limited to new units of 500 
MW or greater. While tcwers have been built for smaller units, the 
mechanical draft tower would probably be more economical for· older, 
smaller units. The size and number of towers would be related to the 
size and number of units served. 

Relative Humidity 

Natural draft towers are limited for practical purposes to localities 
where the relative humidity exceeds approximately 50%. The lower 
humidities result in prohibitively tall towers to provide sufficient 
natural air flow through the tower. 

Land Requirements 

The land area for installation of cooling 
indicated on Table B-VIII-10. Obviously, 
areas, and can only te considered where 
available. The tower systems also require 

systems varies widely, as 
cooling ponds will need large 

such land is economically 
significant amounts of land. 

The mechanical draft tower cell for medium size plants is on the order 
of 21 x 12 meters (70 x 40 ft). These cells are placed side by side to 
make up the tower, which can be as much as 183 m (600 ft) long, 
depending on capacity required. For a single t<:Mer installation, 
anywhere from 30 to 60 meters (100 to 200 feet) of clear area is 
required around the tower to avoid interference of surrounding struc­
tures on tower performance. This means that from 3 to 6 times the tower 
plan area is required. When two or more towers are necessary, the 
separation between towers must be 120 to 180 meters (400 to 600 feet) to 
avoid interference between towers. Total area required for two towers 
would be 4 to 7 times the tower plan area. 

Reference 52 presents the following discussion of recirculation and 
interference as related to tower placement. 

The problems most usually encountered on large mechanical draft 
industrial towers affecting the entering wet-bulb temperature are 
recirculation and interference. The former is a pollution of 'the inlet 
air by a tower's discharge vapors, and the latter is pollution of the 
inlet air by an adjacent tower or other heat source. These problems are 
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Factor 

Size of Plant 

Relative Humidity 

Land Area 

Drift 

Fogging 

Noise 

Height 

Water Consumption 

Energy Requirements 

Max. Wind Velocity 

Foundation Require­
ments 

Turbine Back Pres­
sure {Present Wlits 
limited to 5 in. Hg) 

Aesthetic Consider­
ations 

TABLE B-VIII-10 
EFFLUENT HEAT 

APPLICABILITY OF CONTROL AND TREATMENT TECHNOLOGY 

Mechanical Draft 
Wet Cooling Tower 

No limitation 

No limitation 

70 ft. wide x 150 - 600 ft. 
long (depending on plant size); 
separation for multiple towers 
400-600 ft.; clear area of 
100 to 200 ft. required 
around perimeter of tower area. 

Current performance - less 
than .03% of circulating flow; 
anticipated improvement to less 
than .005%; potential problem 
in brackish or salt water areas. 

Natural Draft 
Wet Cooling Tower 

Greater than 500 MW 

Generally limited to areas 
of the country having an 
average relative humidity of 
greater than 47%. 

350 - 550 ft. diameter plus 
100 ft. open area around tower; 
nuclear plant-tower must be 
distance equivalent to height 
away from reactor; 1/3 reduc­
tion of land area possible 
with fan-assisted type tower. 

Current performance - .005% of 
circulating flow; one tower 
under construction guaranteed 
to be less than .002%; poten­
tial problem in brackish or 
salt water areas. 

Potential local problem depend- Little anticipated at ground 
ing on location & climatic con- level. 
ditions; reduction of fogging 
possible with parallel-path wet/ 
dry type tower. 

Potential problem only if 
adjacent to sensitive area; 
can be reduced by attenuation 
devices. 

No limitation 

Up to 0.7 gallons per Kw hour 
produced. 

Fan power - 5-13 MW per million 
GPM of circulating water; pump­
ing power - 7-12 MW per million 
GPM of circulating water. 

Less serious than mechanical 
draft towers, but still poten­
tial problem if very close to 
sensitive area; noise can be 
attenuated. 

350-600 ft.; potential aviation 
problem in specific locations; 
compl:;• with FAA restrictions. 

Up to 0.7 gallons per Kw hour 
produced. 

Pumping power - 10-15 MW per 
million GPM of circulating water; 
no f :m power required. 

Surface Cooling 
(Ponds, Canals, etc.) 

No limitation 

No limitation 

1-3 acres per Kw of capacity 
depending on climatic conditions; 
use of spray modules reduces 
land requirement by approximately 
a factor of 10. 

Applicable only with use of spray 
modules; drift only in immediate 
area of pond, canal, etc. 

Potential local problem depending 
on location & climatic conditions. 

None 

No limitation 

Up to 1.1 gallons per Kw hour 
produced; includes natural evap­
oration from surface. 

Pumping requirements vary with 
plant concitions; spray modules 
generally 75 HP per unit. 

No limitation Current design -120mph@ 30ft. elev. No limitation 

Greater than 3000 psf soil bear- Greater than 6000 psf bearing 
ing value or equivalent with piles. value or equivalent with piles. 

Applicable to all plants;penalty 
for operation at back pressure 
above origina1 design. 

G.enerally appJ icable only to 
plants above 500 MW; penalty for 
operation at back pressure above 
original design. 

No limitation 

Applicable to all plants; penalty 
for operation at back pressure 
above original design. 

Mechanical Draft 
Dry Cooling Tower 

No limitation 

No limitation 

Higher than land require­
ments of mechanical draft 
wet cooling tower. 

None 

None 

Potential problem only if 
adjacent to sensitive area; can 
be reduced by attenuation devices. 

No limitation 

None 

Total power requirement - .02-.08 MW 
per installed MW capacity. 

No limitation 

Greater than 3000 psf soil bearing 
value or equivalent with piles. 

Not applicable to existing plants; 
results in back pressure of 8-15 in. 
Hg during summer months; new plants 
will require turbine re-design .. 

Visua1 pl.ume .. visual. p1ume; size and height. No limitation No limitation 



nonexistent on hyperbclic towers because of the height of vapor 
discharge. 5. 2 

The magnitude of recirculation is dependent primarily upon wind 
direction and velocity, tower length, and atmospheric conditions. other 
factors are fan cylinder height and spacing, exit air velocity, tower 
height and the density difference between exit air and ambient air.s2 

A longitudinal wind tends to carry discharge vapors along the tower and 
the first few cells will not be seriously affected. However, from the 
initial downwind point of entry into the louver face or faces, the 
effect of recirculaticn becomes increasingly severe along the length of 
the tower. Therefore, as tower length increases, the more damaging a 
longitudinal wind can become. 52 

A broadside wind causes no recirculation on the windward side of the 
tower. Recirculation is greatest towards the midpoint on the leeward 
side. It diminishes towards the ends because of fresh air flow around 
the ends of the tower. High stacks and maximum space between stacks 
serve to reduce the broadside recirculation effect in proportion td the 
ratio of this free space area to the lee side louver area of the 
tower.52 

It is apparent that recirculation is primarily a function of tower 
length. Normally, ~lacement of single towers with ambient winds in a 
longitudinal direction is recommended for tower lengths up to 200 to 250 
feet. For tower lengths greater than this, more rigorous study of the 
aforementioned factors affecting the circulation is required to 
determine the most suitable orientation. When tower length exceeds 300 
to 350 feet, strong consideration should be given to splitting into 
multiple units. The problem then becomes more a matter of locating the 
units to minimize interference.52 

The principal objective in arranging a multiple tower installation is to 
orient the units for minimum recirculation within themselves and minimum 
interference between each other, particularly during the high capability 
requirement periods. No set rules can be given for orientation of 
mulitple units, but generally, it can be stated that as the number of 
units increases, the broadside arrangement tends to be more favorable 
than longitudinal. Each installation should be analyzed for orientation 
within the prescribed real estate limitations with respect to the 
following factors: (1) number of towers in system,· (2) number of cells 
per tower, (3) cell length and height, (4) height and spacing of stacks, 
(5) discharge air velocity and density, (6) ambient atmospheric 
conditions, and (7) prevailing wind rose for high wet-bulb hours.s2 See 
Figures B-VIII-16, 17 for possible broadside and longitudinal multiple 
tower orientations. 

The natural draft tower, which varies in diameter from 108 to 168 meters 
(350 to 550 feet) normally requires a clear area 30 m (100 feet) wide 
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Tower No. 2b 

Tower No. 1 Tower No. 2a l 
~-~~~-T_o_w_e_r~N~o_.~2_c~~~~--'1· 

Prevailing wind-rose for 
high wet-bulb hours 

Figure B-VIII-16 
BROADSlDE MULTIPLE TCMER ORIENTATION 

Tower No. 2 placed typically in location a,b, or c 
relative to Tower No. 1 and the wind-rose 

414 



/ 
/ 

/ 

/ 

/ 

Figure B-VIII-17 

LONGITUDINAL MULTIPLE TCM'ER ORIENTATION 

Tower No. 2 placed typically in location a,b, or c 
relative to Tower No. 1 and the wind-rose 

Prevailing wind-rose for 
high wet-bulb hours 



around it perimeter to 
area twice the plan 
must be separated from 
height. 

allow for construction. This amounts to a land 
area of the tower. For nuclear uni ts, the tower 

the reactor buildings by a distance equal to its 

If land space is restricted, any number of solutions may be used. 
Rearrangement of mechanical draft towers to fit space, or use of a 
mechanical draft tower of a different configuration, such as round, 
might be used. Natural draft towers might require less land. A sinqle 
large tower might take the. place of two smaller, more economical ones. 
The tan-assisted natural draft tower appears to be a system with minimum 
land requirements. One existing plant, located in an urban area, is 
installing one of these towers in a former parking lot. An analysis of 
land estimated to be required for evaporative cooling towers at eight 
nuclear plants indicates that 20 acres/1000 megawatt generating capacity 
would be the maximum amount required. 

The Federal Power Comwission, National Power survey (1964) puts the land 
requirement for mechanical draft evaporative towers at 1,000 to 1,200 
square feet per megawatt including area required for spacing. 
Furthermore, natural draft evaporative towers would require 350 to 400 
square feet per megawatt. For a 1,000 megawatt capacity ~ower requiring 
1,200 square feet per megawatt, approximatley 28 acres of land would be 
required. 

Due to the variaticns in heat rate, climatic factors, etc. from 
site-to-site, 28 acres per 1,000 megawatts generating capacit:y should be 
sufficient land for any plant to apply closed-cycle evaporative cooling 
towers. In many cases where less than this amount of land is available, 
it would still be practicable to apply evaporative cooling towers due to 
the conservatism of the 28 acres per 1000 megawatt assessment a·na, 
further, due to the possible practicability of natural draft or ether 
systems at the site. Many plants which do not have land immediately 
available for evaporative cooling systems could make sufficient land 
available by shifting, to some degree, present uses of land at the site 
and by acquiring the use of neighboring land. Land requirements for 
other uses would depend on the types and relative amounts of fuel, 
method of ash disposal, and other factors in addition to plant 
generating capacity. 

Reference 370 addresses the land requirments for projected 3,000-
megawatt plants as compared to 1,500-megawatt plants. The land required 
for a powerhouse containing three 500-megawatt units is in the range of 
3 to 4 acres; for three 1,000-megawatt units the range is 6 to 7 acres. 
These figures include the service bay, but not space for equipment and 
facilities outside the powerhouse. Electrostatic precipitators, stacks, 
walkways, drives, and parking areas immediately adjacent to the 
powerhouse would be al:out 2-3 acres for three 500-megawatt units and 6-7 
acres for three 1000-rnegawatt units. Sulfur dioxide removal equipment 
would add as much on 2- 4 acres. Coal-fired plants require inactive coal 
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storage in an amount to supply 45 - 120 day's burn at the total piant 
capacity. A typical coal-storage yard to provide 90 days supply at a 
3 ooo-megawatt plant would require 40 acres and the coal pile would be 
40 feet high. The switchyard area requirements for a typical 3,000-
megawatt plant with 500-kv-transmission voltage would be in the range of 
10-15 acres. The transmission lines connecting a typical 3,000-megawatt 
plant with the existing transmission system at 500 kilovolts would 
occupy rights-of-way cf from 100 to 150 acres per mile. on-site ash 
disposal for a 3,000-megawatt coal-fired plant (assuming 35 year useful 
life and 50% capacity factor) would require 300 to 400 acres with ash 
piled to a depth of 25 feet to store all the ash developed during the 
life of the plant. Limestone-injection systems for controlling sulfur 
dioxide emissions would double or triple the volume of ash produced 
while the system is in cperation. In some cases off-site disposal of 
ash would be an available alternative to on-site disposal. 

Other facilities that would require significant amounts of land include 
rail, barge and truck terminals for coal-fired and oil-fired plants, oil 
storage for oil•fired plants, and an exclusion area for nuclear plants. 
In summary, a 3,000-megawatt plant would require, if coal-fired, 200 to 
1200 acres, nuclear 200-400 acres, oil-fired 150-350 acres, and 
gas-fired 100 to 200 acres, assuming en-site storage of coal and oil, 
pipeline delivery of gas with same on•site storage, and on-site coal-ash 
disposal. 

Inspite of the ingenuity of the cooling tower engineer, there may be a 
significant number of units or plants where addition of a cooling tower 
would not be practicatle. In the case of a plant in a location where 
the surrounding land is already highly developed, the cost of available 
land may be high, and it might be necessary to remove any existing 
structures from the land, once it was purchased. secondary effects, 
such as fogging or drift could result in complaints from surrounding 
neighbors, as well as a requirement to repair resulting damage. No~se 
levels from the tower might be unacceptable to the neighbors. The 
number of plants located in the 50 largest metropolitan areas amounts to 
some 15% of the total (see Table IV-2). An equal number are probably 
located within the city limits of small towns, particularly in the Great 
Plains states. The practicality of installing cooling towers will 
depend on the local conditions at each plant. One may be surrounded by 
high rise buildings, while the next may be adjacent to a vacant city 
block. Another plant may be in a heavy industrialized area, whereas 
another would be in a semi-residential area where the tower noise aspect 
may be more sensitive. Land values will vary greatly, from possibly 
$250 per hm2 ($10,000 per acre) in small tONns to $25,000 per hm2 
($1,000,000 per acre) in the center of a large metropolitan area. 

Nuclear plants would not normally be seriously affected by land area 
limitations for two reason. They are not located in metropolitan areas, 
and the required exclusion area normally provides sufficient area for 
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cooling system installation unless topographic conditions are 
unfavorable. However, when a nuclear plant goes from open to closed 
system cooling, the !cw-level radwaste system normally needs to be 
upgraded. With the open system, low-level radwastes are added to the 
circulating water for dilution to meet standards for the discharge of 
radioactive materials. The blowdown stream may not be sufficient for 
dilution, forcing installation of a new low-level radwaste system. cost 
of this has been estimated to be several million dollars at one nuclear 
plant. 

Additional Installation costs 

The cost of installaticn of cooling towers can be significantly higner 
at sites with adverse local conditions. Land with insufficient bearing 
strength (see Table B-VIII-10) would require piling, or Use of 
mechanical draft towers instead of natural draft, or both. Conversely, 
in hilly terrain, extensive, and expensive, excavation into hard rock 
might be required. Even if only pii:ing has to be excavated into rock, 
the cost is increased significantly. Reference 250 contains a detailed 
study of tower installations at such a site. Proximity of stations to 
earthquake faults means additional structural strength will be required, 
particularly in natural-draft towers. Towers in Florida and the 
Southeast require hurricane-resistant design. Other factors of a 
specific local nature at other sites will increase the cost of 
installation of cooling towers. 

Addition of a cooling system to an existing plant will require breaking 
into existing structures, piping or tunnels. Suitability of existing 
structures used in the new system will have to be evaluated. Will the 
structures withstand the new pressures? Will it be easier to modify the 
condensers for increased pressures, and connect directly to them, or 
should the cooling system be connected at the present intake and 
outfall? These are questions that must be answered during design of the 
cooling system. The current layout, pump size, and location of intake 
and outfall structures will influence the required decisions. 

The plant or unit will be shut down during the final period of 
installation when tte new system is connected to the unit. The unit's 
generating capacity is lost during this period. In some cases the 
connections can be made during the annual scheduled overhaul. In other 
cases extended downtizre may be required, maybe as much as three or four 
months. costs would vary accordingly. The dollar value of these costs 
will vary from plant to plant. Some costs for the few plants currently 
involved in installing cooling systems are given in Table B-VIII-1. 

Drift 

Water vapor and heated air are not the only effluents from a cooling 
tower. Small droplets of the cooling water become entrained in the air 
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flow, and are carried out of the tower. These drops have the 
composition as the cooling water, i.e., they contain the 
concentration of dissolved solids and water treatment chemicals. 
water may ev~po7ate from the drops, leav~ng the solids behind, or 
drops may impinge upon the surrounding structures or terrain. 
chemicals and dissolved solids add a chemical load to the air 
surrounding terrain that must be taken into account. 

same 
same 

The 
the 
The 
and 

some data on estimated solids in drift from cooling towers are shown in 
Table B-VIII-11. This was taken from the final environmental statements 
for a number of nuclear stations. There is obviously a large variation 
in the assumed dri~ rates. All these values are mentioned in the 
literature, with the lower values the more recent. Another factor is 
the concentration of solids in the drift. It is obvious that the 
proposed towers at Plant no. 1209, operating on sea water, will have a 
higher solids loss through drift, as indicated in Table B-VIII-11. 

The amount of drift from any tower is primarily a function of the tower 
design, and the drift eliminators in particular. The total losses to 
drift are normally expressed as a percentage of the flow through the 
tower. Until recently, drift losses of less than 0.2% were guaranteed. 
1•0 Now cooling tower manufacturers are guaranteeing much lower drift 
losses. Losses of 0.021 are considered high. several new towers have 
been awarded based on drift guarantees in the range of 0.002 - 0.005 
percent of cooling water flow. A number of tests, summarized in a 
report for EPA by the Argonne National Laboratory, 2e6, showed that 
drift from mechanical-draft towers averaged 0.005%, while that from 
natural·-draft towers might average half of that, or O. 0.025%. With a 
0.01% drift eliminater, an estimated 1 ton of salt per day would be 
deposited downwind of a 1,000 megawatt nuclear unit. 

While better design is partially responsible for the lower drift rates, 
better measurement techniques are equally, if not more important in 
establishing drift rates. With the older, less sophisticated methods, 
manufacturers were less sure of the actual drift rates, resulting in 
high rates for guarantees. 

With the greater emphasis on environmental protection, it became 
necessary to measure drift more accurately to determine the amoun~ of 
solids leaving the tower to end up as fallout on the surrounding terrain 
or suspended in the atmosphere. currently at least two systems are 
available. The first, the Pills System, is for continuous monitoring of 
drift. The second is a system for sampling the drift intermittently. 

The Pills (Particle Instrumentation by Laser Light Scattering) system is 
an electro-optical system for monitoring the drift. 

The intermittent sampling system is an isokinetic device. The discharge 
air is sampled at its natural flow velocity as implied by the term 
"isokinetic". one device uses a sampling tube filled with warmed glass 
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+:> 
N 
0 

Plant 
No. 

1209 
1311 
3608 
6506 
3940 
0109 
3635 

Size 
MW --

1320 
1644 

873 
850 
872 

1722 
821 

TABLE B-VIII-11 
SOLIDS IN DRIFT FROM COOLING TOWERS 

Cooling System Drift 
(Type) (% Flow) 

--

Mech. Draft 
(salt water) 0.1 

Mech. Draft 0.2 
Nat. Draft 0.0025 
Nat. Draft .01 
Nat. Draft .01 
Mech. Draft .01 
Mech. Draft .005 

-
Solids in Drift 

lbs ./vr. 
lbs/KWH 3 

(installed)xlO 

3.8 x 107 3.3 
6 x 105 .042 
1.1 x 106 .14 
4.0 x 105 .054 
9.0 x 104 . 012 
10.5 x 105 .070 
4.7 x 104 .0065 
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beads. A vacuum system pulls the sample into the tube where the drift 
impinges ~n the .gl~ss beads. The moisture evaporates, leaving the 
solids behind. Weighing of the sample tube det.ermines the solids 
collected. This, plus a knowledge of the solids contents of the water, 
permits calculation of the amount of drift. This device supersedes a 
number of isokinetic devices considerably more cumbersome, and Qf 
doubtful accuracy. 

orop size is another ~cblem. Sensitive paper, and more recently, the 
Pills system t• 0 are used to measure drop sizes of 100 micron or larger. 
several tests by one manufacturer indicate that the drops accounting for 
85% of the mass of the drift have diameters greater than 100 microns, 
with less than 1% over 500 microns. 

The drift from cooling towers, mechanical draft in particular, 
potentially can create serious i:rablems, depending on the salts and 
chemicals in the cooling water. Drift coating insulators on the 
transformers and switchyards can possibly lead to leakage and insulator 
failure. Corrosion of metallic surfaces, deterioration or discoloration 
of paint and killing of vegetables have been noted. Thus, the 
minimization of dri~ is an important design feature of the cooling 
tower. 

The use of brackish or seawater in cooling towers aggravates the drift 
problem due to the high concentration of salt in the water. Fifteen 
saltwater cooling towers and in use or planned for steam electric 
powerplants. Numerous factors affect the dispersion and deposition of 
drift from these towers (See Table B-VIII-12).385 Proper location of the 
towers with respect tc the plant buildings and switchyards can avoid 
most of the problems encountered with highly saline drift. The rate of 
drift fallout is related to the distance from the tower. (See Figure B­
VIII-18). This is i:articularly true for mechanical draft towers which 
discharge at relatively low levels. Tests . at one installation have 
shown that up to t~-thirds of the drift hits the ground in the first 
400 feet from the tower and substantially all drift droplets will reach 
the ground in the first 1,000 feet. In many instances therefore, drift 
impact can be reducted by location of the tower so that the bulk of the 
drift is contained within plant boundaries. 

Wistrom and ovand363 concluded, from their study of field experience 
during the last 20 years where salt or brackish water has been used in 
cooling towers, that "cooling tower drift effects in· the environment are 
localized and that beyond same reasonable distance that is usually 
within the plant site boundary, drift does not significantly affect the 
environment" • 

The fact remains that this salt will be deposited on the surrounding 
terrain. whether or not this influences the environment, i.e., 
vegetation and ground water salinity, will depend on the increase over 
the natural deposition of salt on the surrounding terrain. The natural 
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Table B-VIII-12 

FACTORS AFFECTING DISPERSION AND DEPOSITION OF DR~~JS 
FROM NATURAL-DRAFT AND MECHANICAL-DRAFT TOWERS 

Factors associated with the design 
and oneration of the cooling tower 

Volume of water circulating in the 
tower per· unit time 

Salt concentration in the water 

Drift rate 

Mass size distribution of drift 
droplets 

Moist plume rise influenced by 
tower diameter, height and mass 
flux 

Factors related to atmospheric 
conditions 

Atmospheric conditions including 
humidity, wind speed and direction, 
temperature, Pasquill's stabtlity 
classes, which affect plume rise, 
dispersion and deposition. 

Tower wake effect which is especi­
ally important with mechanical 
draft towers 

Evaporation and growtl-i of drift 
droplets as a function of 
atmospheric conditions and the 
ambient conditions 

Plume depletion effects 

Other factors 

Adjustments for 
non-point source 
geometry 

Collection ef f icie~cy 
of ground for drop­
lets 
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Figure B-VIII-18 
Ground-Level Salt Deposition Rate From A Natural-Draft Tower 
As A Function Of The Distance Downwind. A Comparison Between 
Various Prediction Methods 385 
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salt load, particularly along ocean coasts exposed to continual wave 
action, can be fairly high. If the tower drift results in a salt load 
of only a few percent of this natural salt deposition rate, the effect 
would probably be minimal. 

A summary of the state-cf-the-art of saltwater cooling towers (Reference 
No. 385) concluded that "although the environmental effects of saltwater 
cooling towers vary from case to case depending Uf:On the sensitivity and 
diversity of local conditions, experience with existing salt water 
cooling towers indicates that the environmental problems would be 
confined up to several hundreds meters from the cooling tower. 
Environmental -impact on the biota, bodies of fresh water, soil salinity 
and structures is difficult to detect at the levels of the long-term 
average in coastal areas. The direct experimental data available about 
the enviornmental effects are a parse. Most of the environmental impact 
predictions are based upon research studies pertinent to the coastal 
environment, which may or may not be applicable for salt water cooling 
towers in other locations. Most of this available information is 
descriptive in nature and does not permit a correlation between the 
airborne salt concentration or deposition rate and environmental 
effects." 

Adverse environmental impacts due to drift are not a national- scale 
problem. Technology is available to integrate a low drift requirement 
into the overall tower design at moderate cost. In addition, alternate 
cooling systems selecticn and proper location of the tower with respect 
to prevailing winds and surrounding land uses can also be used to meet 
stringent drift requirements. New plants have the additional 
flexibility of site selection to hel~ minimize this problem. 

Fogging 

Fogging is one of the most noticeable of the possible side effects of 
the use of evaporative cooling devices. Fog is produced when the warm, 
nearly saturated air from the cooling facility mixes with- the cooler 
ambient air. As the warm air becomes cooler, it reaches first 
saturation, then supersaturation with respect to water vapor conteqt. 
When this occurs, the vapor condens_es into visible droplets, or fog. 
The psychrometric chart in Figure B-VIII-19 shows representative con­
ditions through which the air-water mixture can pass to create fog. The 
condition at point B is that of the ambient air. As this air leaves the 
tower, (point A) it mixes with the colder, less hµmid ambient air 
following the dotted line which lies largely in the portion of the chart 
which represents a condition where the air contains more moisture than 
it can contain at 1003 saturation. In this condition condensation 
producing fog can occur, although normally some supersaturation is 
necessary. As more mixing occurs, the air condition eventually returns 
to point B. 
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The development of fog by cooling devices is primarily dependent on the 
local climatic conditions. The areas normally susceptible to cooling 
tower fog are those in which natural fogs frequently occur. EG & G, 
Inc. in a report for EPA, 219, defines three levels of potential for 
fogging, as listed below. 

a. Bigh Potential: Regions where heavy fog is observed over 45 
days per year, where during October through March the maximum mixing 
depths are low (400-600 m), and the frequency of low-level 
inversions is at least 20-30%. 

b. ~~fil::~~~n!:!~l: Regions where heavy fog is observed over 20 
days per year, where during October through March the maximum mixing 
depths are less than 600 m, and the frequency of low-level 
inversions is at least 20-30%. 

c. ~Potentia!: Regions where heavy fog is observed less than 20 
days per year, and where October through March the maximum depths 
are moderate to high (generally greater than 600m). 

Using this criteria and several meteorological references, EG&G has 
developed the map shown in Figure B-VIII-20, indicating the fogging 
potential of locations within the United States. 

The length of the expected fog plume can be estimated from 
the following equation: 95 

Xp = 5.7(Vg)l•2 (438Vm)te2 (Tge-Tgi)te2 (Tp-Tgi)-le2 

Where Xp = visible plume length, ft 

Tg = air or plurre temperature, oc 

Tp = temperature at end of visible plume, oc 

Vw = wind speed, ft/sec 

Vg = total rate from tower m3/hr (gas evaluated at 20°c) 

i = tower inlet 

e = tower exit 

In order for fogging to create an impact it most exist 
proximity to a land use with which it interfers such as a 
residential, commercial or industrial activity. As can be seen 
Figure B-VIII-20, most of the major u.s. residential, commerical 
industrial centers do not lie in th_e area of high fogging potential. 

in close 
major 

from 
and 
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Figure B-VIII-20 
GEOGRAPHICAL DISTRIBUTION OF POTENTIAL ADVERSE EFF!:CTS FROM COOLING TOWERS, 

BASED ON FOG, LOW-LEVEL INVERSION AND LOW MIXING DEPTH FREQUENCY. 

(From Reference 219} 



Furthermore, local meteorology and the configuration of the source and 
its surroundings must permit a downwash condition to obtain fogging. 
These will not usually exist if the cooling tower if properly designed 
and located. 

In view of these factors a conservatively high estimate of the plants 
that would be concerned with fogging problems resulting from the 
installation of closed cooling systems is less than 5 percent of the 
total plants. Moreover, fogging could only be of concern at the plants 
for small fractions of the total operating time. 

The fog plume from a mechanical draft tower is emitted close to the 
ground, and under appropriate conditions, can drop to the ground. Under 
these conditions the fog can create a serious hazard_on nearby highways. 
If the fog passes through the switchyard, insulator leakage problems can 
be encountered. Thus, in addition to being highly visible, the fog 
plumes create safety hazards and accelerate equipment deterioration. 
careful placement of the towers will eliminate most of the problems. If 
placement is unsatisfactory, or creation of hazards is still expected, 
the use of a wet-dry tower can significantly reduce the plumes. In the 
wet-dry tower (typically) ambient air is heated from point B (See Figure 
B-VIII-19) to point c in the dry section. Air from the wet section 
{point A) and dry sections are mixed and exhausted at a condition 
represented by point At. In mixing with ambient air (dotted line) 
subsaturated conditions exist and fogging cannot occur. Two towers of 
this type are currently on order or under construction for large 
generating plants in the U.S. It should be noted ,however, that this 
type of tower is more costly than the conventional wet-type tower 
(approximately 1. 3 to 1. 5 times the cost of a conventional tower) • This 

would add an increment of approximately 0 .15 mills/KWH for plume 
abatement for a large, modern base-load unit. Other possible techniques 
of plume abatement includes increasing the mechanical draft stack 
height, heating tower exhaust air with natural gas burners, installing 
electrostatic precipitators or mesh at the tower exi. t, and spraying 
chemicals at the tower exhaust. 

Another possible solution is to use a natural-draft tower. The plumes 
from these towers are emitted at altitudes at 90 to 150 meters (300 to 
500') above the tower ground level, and there is little possibility of 
local fog hazards, as plume is normally dispersed before it can reach 
the ground. One hazard that might arise would be to aircraft operation, 
although plumes are normally localized. The use of natural draft 
cooling towers in high potential fog areas seems to be an accepted 
practice, as indicated in Figure B-VIII-21 2e3, which shows location of 
75% of the natural draft towers expected to be constructed through 1977. 
Note that the majority of them are in the eastern area of high fog 
potential. Under freezing condition the fog may turn to ice upon 
contacting a freezing surface. The ice thus formed is commonly called 
rime ice. This is a fragile ice, and breaks off the structure before 
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Figure B-VIII-21 
LOCATION OF NATURAL DRAFT COOLING TOWERS THROUGH 1977 

(From Reference 283) 



damage occurs from the additional weight, except on horizontal surf aces. 
Here again, although it is mentioned in the literature, the problem is 
considered ·to be insignificant. 

The potential for modification of regional climate exists, but has not 
been verified to date. The Illinois Institute of Technology Research 
Institute in its report 2e3, for EPA on the field tests at Plant no. 
4217 in Pennsylvania determined that the effects were minimal. This 
plant released approximately 0.63 m3 /s (10,000 gpm) and 126 KG/min (120 
x 106 BTU/min) to the atmosphere when operating at 1440 MW, 80% of its 
design capacity. Two natural draft towers are installed at Plant no. 
4217- A review of weather station records at stations located 13 to 51 
kilometers from the plant resulted in "a suggestion of precipitation en­
hancement". Initiation of cloud cover occurred rarely, and only 
preceded natural development of cloud cover. The cooling tower plume 
would merge with lcw stratus clouds when they were at an appropriate 
elevation. 

The current "state-of-the-art" in meteorology has not progressed to the 
point where the effects of large thermal releases to the atmosphere can 
be quantitatively evaluated. Improvements in meteorological techniques 
currently in progress will undoubtedly result in quantification of these 
effects. A number of meteorologists indicate that thermal emissions to 
the atmosfilere could have significant effects on mesoscale phenomena, 
where mesoscale refers to a scale of from l to 50 kilometers. A 
comparison of some natural and artificial energy production rates is 
shown in Table B-VIII-13. 367 It is obvious that some of our arti­
ficially produced energy rates are equal in magnitude to those of 
concentrated natural i:roduction rates. 

It is possible that these thermal discharges may have a "triggering" 
effect on a much larger phenomena, such as thunderstorms, tornados, or 
general cloud develcpment and precipi~ation. This could prove 
beneficial if the triggering could be adequately controlled, and 
possibly disastrous if ccntrol was not fOSsible. 

Although no regional climatic changes have been noted to date, this does 
not mean the possitility does not exist. With larger and larger 
stations being built which reject their heat to the atmosphere through 
wet cooling towers, it t:ecomes evident that this water must be added to 
the rainfall at some location, wherever it may be, and that the 
additional heat will influence the climatic conditions to some extent. 
This probably falls into the category of weather modification, even 
though it be unintentional, and is currently being investigated by 
meteorologists. 

With coal-fired or oil-fired plants, there is an additional factor in 
relation to plumes. The stack gases of these plants contain varying 
amounts of so1, depending on the sulfur content of the fuel used and the 
degree of flue gas desulfurization achieved. To the extent that the 
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TABLE B-VIII-13 
ENERGY PRODUCTION OF SOME NATURAL AND ARTIFICIAL PROCESSES AT VARIOUS SCALES (367} 

Area 
(m2) 

s x 1014 

Natural Production 

Event 

Solar energy absorption 
by atmosphere 

Cyclone latent heat 
release (1 cm rain 
per day} 

Thunderstorm latent heat 
release (1 cm rain per 
30 min) 

Tornado kinetic energy 
production 

Rate 
(W/m2) 

25 

200 

5000 

Artificial Production 

Type of. Use 

Man's ultimate energy 
production 

Northeast U.S. ultimate 
production (108 people, 
20 KW each) 

Super energy center or 
city 

Dry cooling tower for 
1000-MW (e) powerplant 

Rate 
(W/m2 ) 

0.8 

2.0 

1000 



stack gases and the cooling tower fog plume became intimately 
intermixed, the fog will interact chemically with the S02_, forming sul­
furic acid. This is a corrosive acid, and settlement on surrounding 
buildings will accelerate deterioration. Vegetation will also be 
affected by this "acid fog". The relationship between the two 
discharges should be such as to minimize their intermixing. 

In addition to the basic meterological considerations, two other factors 
should be considered where stack and cooling tower plume intermixing 
must be minimized, as follows: (1) location of the cooling towers in 
relation to the stacks, and (2) the buoyancy of the plumes as related 
to the stack and tower. heights. A further consideration is that in 
cases when the plumes would intermingle, they would not necessarily 
become intimately mixed. In the case of the study of Plant no. 4217, 
cited previously, measurements suggested that the plumes were not 
uniformly mixed and may have been merely co-mingled. 

In any case, since hundreds of evaporative cooling towers have been 
operated over many years at coal-fired and oil-fired stations scattered 
across the United States without significant numbers of reports of 
adverse impacts due to "acid fog", the engineering and other design 
practices employed should be adequate to assure that this problem does 
not arise in subsequent applications of evaporative cooling towers. 

In summary, potential adverse impacts 
scale problem. In the relatively few 
problem, technology is available, 
control or eliminate fogging to the 
cons ide rations. 

Noise 

due to fogging are not a national· 
instances where it could be a 
at a moderate incremental cost, to 
degree required by the related 

Noise created by the operation of cooling towers, results from the large 
high-speed fans. The enormous guantitites of air moving through 
restricted spaces, and large volumes of falling water contacting the 
tower fill and cold water basin. Mechanical draft towers will generate 
higher noise levels than natural draft towers. At sites where the 
incremental noise due to cooling towers might be a problem, it should be 
considered in the design of cooling tower installations. A three step 
procedure usually results in adequate coverage of this problem. 

1. Establish a noise criteria that will be acceptable to the neighbors 
within hearing range cf the proposed tower. 

2. Estimate the tower noise levels, taking into account distance to 
neighbors, location of the installation, and orientation of the towers. 

3. Compare the tower noise level with the acceptable noise level. 
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only if the tower noise level exceeds the·acceptable noise level need 
corrective action be taken. 

~11 cooling towers and powered spray modules produce some noise. The 
noise from powered spray modules and natural draft cooling towers is 
primarily from the falling water. In the mechanical draft wet tower 
there is the added fan noise. In the mechanica.l draft dry tower there 
is the fan noise and possible noise from high velocity flow of the water 
through the cooling surface. 

Since the powered spray modules are normally located in a canal, the 
banks tend to direct the sound upward, and the bank surface can absorb 
part .of the sound. Their use to date has not created serious noise 
problems. 

The noise leve'l from cocling towers is of the same.order of magnitude as 
that in the rest of the station, and thus noise can be a problem in 
noise sensitive areas. Every effort should be made to place these 
structures away from J:Otential sources of comp·laints. Sound levels 
decrease with the square of distance from the source. Large flat wall 
surf aces can direct scund into sensitive areas. At the same time, walls 
and buildings can act as a sound barrier. Fan speeds can be reduced at 
night when load is lowest and when ambient noise levels may also be 
lowest. Proper attention to noise problems in tower design, selection, 
and placement can avoid costly corrective measures. 

If the above procedures are unable to reduce noise levels in the 
affected areas to acceptable levels, sound attenuation can be done by 
modification or addition to the tower. Discharge baf£les, and 
accoustically lined plenums can be used. Barrier walls, or baffles can 
be erected. Adequate noise suppression is normally possible, but the 
cost can be high. Gocd practices can minimize the expense involved in 
noise suppression. 

It is concluded that adverse impacts of noise is not a· national-scale 
problem. Technology is available at a moderate cost to reduce the noise 
impact of cooling towers. In addition, alternate cooling system 
selection and proper locations of the tower can be used at highly 
sensitive sites. New plants have the further flexibility of site 
selection to help minimize this problem. 

Height 

The height of natural draft cooling towers, up to 183 meters (600 ft) 
results in a localized potential hazard to aircraft. Location of such a 
tower would generally net be permitted in the approaches to an airport. 
Other pertinent FAA restrictions and regulations would have to be 
complied with. Aircraft warning lights would have to be installed on 
the tower along with provision for servicing them. The height of 
alternative technologies would not present hazards to aircraft. 
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Consumptive Water Use 

All evaporative heat rejection systems result in the consumptive use of 
water. '!he primary consumption occurs as evaporation and drift. Even 
the once-through system is responsible for consumptive use of water by 
evaporation during the transfer of heat from the river, lake or ocean to 
the atmosphere, the ultimate receiver. 

Heat is transferred from the river or lake to the atmosphere by three 
major means, radiaticn, evaporation, and conduction, with that by 
conduction being small compared to the other two. The Edison Electric 
Institute report entitled, "Heat Exchange in the Environment" e •, gives 
a detailed analysis of these processes. 

The closed systems, cooling towers and spray ponds, utilize the same 
mechanisms, although their respective contributions may be much 
different. Figure B-VIII-22, taken from a paper by Woodson, 318, gives 
a graphic representation of the percentages of heat transferred by each 
process. In a report prepared for EPA, 10•, some representative 
consumptive use rates for a 1000 MW unit are shown (see Table B-VIII-
14). Consum};tive use varies from 1.3 to 2.1 times that of a river or 
lake, depending on the type of closed system used. 

Woodson, in his article, 318 gives a more detailed analysis, including 
costs to make up for penalties inherent in the use of closed systems as 
shown in Table B-VIII-15. Consumptive use, according to his figures can 
be as much as 2.5 times that of a once-through system. 

The amount of water consumed depends to some extent on the climatic 
conditions existing at the site. Some of these factors and their effect 
are shown in Figure B-VIII-23. 133 The use of cooling ponds results in 
the highest consumptive use, since the total consumptive loss is equal 
to the sum of the natural evaporation plus that due to heat rejection to 
the cooling pond. 'I'he increment of consumption due to natq.ral 
evaporation is approximately the difference between the consumption of a 
cooling pond and that of a natural lake or river. The consumptive use 
of water in a natural lake of river is low, since the natural losses are 
not charged against the power station, and in addition, a significant 
part of the heat is transferred by radiation. 

The dry-type cooling tower, as opposed to the wet-type cooling tower, 
has essentially no consumptive use of water. The only consumptive use 
would be losses from this closed system due to leaks. 

In general, the replacement of a once-through cooling system with a 
closed system will result in somewhat higher water consumption from a 
broad environmental standpoint. This increase averages about 25% as 
shown in the referenced tables and graphs, and only presents the 
absolute difference in water consumed. 
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TABLE B-VIII- 14 

EVAPORATION RATES FOR VARIOUS COOLING SYSTEMS (Reference 104) 

Cooling System F.v=>r.AY"at i onl 

m3/sec cf s 

Cooling Pond (2 acres/MW) .566 20.0 

Cooling Pond (1 acre/MW) .453 16.0 

Mechanical Draft Tower .368 13.0 

Spray Pond .360 12.7 

Natural Draft Tower .340 12.0 

Natural Lake or River .266 9.4 

1For a 1000 MWe fossil-fueled plant at 82 percent capacity factor average 

annual evaporation (assume constant meteorological conditions) . 
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TABLE B-VIII- 15 

COMPARATIVE UTILIZATION OF NATURAL RESOURCES 

Once-through river or 

lake cooling system 

Alternative cooling systems 

Basin cooling facility 

Basin cooljng with auxiliary sprays 

Mechanical draft wet tower 

Mechanical draft wet/dry tower 

Mechanical draft dry tower 

Natural draft wet tower 

*Denotes Decreased Requirements 

WITH ALTERNATIVE COOLING SYSTEMS 

FOR 

FOSSIL FUEL PLANI' WITH 

680 MW NET PLANT OUTPUT 

(70 per cent annual load factor) 

Net 

Gross Plant Fuel 

Generating Heat Input 

Capacit~ Rate Billions of 

KW BTU/KWH BTU/yr.~ 

coal Water 

Consumption Consumption Land 

10,000 btu/lb (Evaporation) Area --
tons/yr Acre ft/yr acres 

B A S E R E Q U I R E M E N T S 

715,580 9,489 39,567 1,978,343 2,800 

A D D I T I 0 NS T 0 B A S E R E Q U I R E M E N T S 

- 19 79 3,950 5,400 1,000 

6,360 103 429 ?l,450 6,300 500 

4,420 77 321 16,050 6,300 15 

5,070 86 358 17,90n 2,800 15 

17,770 1,1?3 4,682 ?34, 100 *(2,800) 6 

3,060 59 246 12,300 6,300 15 

(From Reference 318) 
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present powerpiants have been sited, in many cases, where the lack of a 
reliable supply of quality cooling water has dictated the use of closed­
cycle evaporative. cooling. In other words, where water is in short 
supply, the more-highly water consuming evaporative cooling systems have 
been justified and legal rights to water consumption have been obtained 
where required. In many states where water uses and consumers must 
obtain legal rights to use or consume water. In some of these states 
all water use and consumption rights have already been allocated but not 
neces·sarily utilized. Rights can be bought and sold among users. Many 
powerplants have rights to more water than they currently use or 
consume. In some states powerplants have the power of eminent domain 
over water rights, and are thereby authorized to appropriate all or a 
part thereof to the necessary public use, reasonable compensation being 
made. 

Pollutants in Blowdown 

In the closed cooling systems utilizing evaporative cooling, there is a 
buildup of dissolved and suspended solids, including water treatment 
chemicals, due to evaporation, which removes pure water, leaving the 
above constituents £ehind. Without some control over this buildup, 
scale and corrosion may occur, damaging the equipment and reducing its 
performance. To prevent excessive buildup, a small percentage of the 
water is continually removed from the circulating water system. This is 
normally called "tower blowdown" or "blowdown". The water that is added 
to replace this water, and the evaporative and drift losses, is known as 
makeup. The amount of blowdown is dependent on two factors. The 
primary factor is the avoidance of scale or other detrimental effects in 
the circulating water system. Of secondary importance is 
the quality of the blowdown water. The two types of scale normally 
encountered are CaC01 and Caso~. The caco~ can be controlled by pH 
adjustment, with sulfuric acid normally being used to lower the pH. The 
CaSO! scale formation is avoided by maintaining the concentration of 
CaS04 below saturation. The CaS04 concentration is controlled by the 
amount of blowdown. Thus the- amount of blowdown varies with the 
concentration of dissolved solids in the makeup water. The blowdown on 
fresh water towers amounts to on the order of 2% of the total flow 
through the tower. With some types of water, blowdown rates of less 
than 1% may be used. The blowdown rate is normally determined by the 
number of concentrations of dissolved salts allowed in the circulating 
water system. concentrations of 10 or less are common, with 
concentrations as high as 20 being used. 

Use of salt water makeup in cooling towers would decrease the number of 
permissible concentrations, increasing the blowdown rate. A blowdown 
rate equal to the evaporation rate would result in a blowdown twice as 
concentrated as the makeup. In addition to concentrated salts, this 
blowdown will have the chemicals used to treat the water to prevent 
corrosion and algae growth in the system. While chromates were 
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previously used to a large extent, their use has decreased in recent 
years with the availatility of other types of corrosion inhibitors. 

Technology is currently 
blowdown, to levels up to 
Part A of ·this report for 
pollutants in blowdown. 

available to control and treat pollutants in 
and including no discharge of pollutants. see 
a description of the technology related to 

Blowdown removed from the hot side of the circulating system is 
advantageous to the plant, as the heat in the blowdown does not have to 
be removed in a tower. However, it is a better environmental practice 
to discharge blowdown from the cool side. The percentage of heat 
involved is in the order of 2% of the total, and thermal discharge could 
be further reduced. The blowdown would normally be at a higher 
temperature than the receiving body, even if taken from the cool side, 
since the approach is to the wet bµlb temperature, not the receiving 
water temperature. 

Aesthetic Appearance 

In addition to all the ether factors described, the visual impact of the 
cooling system could 1:e of concern to the neighboring residents and 
visitors. Cooling towers create two types of aesthetic impact. First, 
the large size of natural draft towers will dominate most settings in 
which they are placed. In this regard, natural draft towers can be as 
high as a 50 story building and cover an area at the base equivalent to 
several footl:all fields. In all applications, they will dwarf the 
associated powerplant. Mechanical draft towers, on the other hand, are 
considerably smaller in height than the natural draft towers, although 
the aggregate base area of a multicelled unit may be larger than the 
base area of a natural draft unit for the same size plant. Therefore 
mechanical draft towers will not be as objectionable in this regard as 
will natural draft to~ers. 

The second type of aesthetic impact is common to both types of towers. 
This impact is caused by the visible plume that can be generated by both 
types of evaporative systems where plume abatement is not employed. 
Cooling tower plumes will sometimes be larger than the stack emission 
from a fossil-fuel plant, especially in areas of high fogging potential. 
At some plants cooling tower plumes can be so insignificant that they 
escape notice by many viewers. Some cooling tower plumes, however, can 
be visible for several miles and be noticed even where the surrounding 
topography completely hides both the plant and the tower. As with 
fogging, plume abatement technology is available at moderate cost. 

The question of whether 
aesthetic impact is a 
individual viewers varies 
cooling towers create 

a tower or its 
subjective issue 
widely. There are 

a visual nuisance. 
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plume creates an adverse 
since the sensibilities of 
those who believe that all 

Others have expressed the 



opinion that the hyperbolic shape of cooling tcwers is visually 
pleasing. 

The aesthetic impact of cooling towers is not necessarily a function of 
urban or rural location as some have suggested. Discussions with 
utility representatives revealed as much opposition to cooling towers 
placed in rural settings such as along the California coast and in 
scenic areas such as the Hudson River, as was voiced over towers placed 
in urban areas. 

The impact of cooling tower aesthetics can effect the application of 
cooling towers at existing plants as well as at new sources. With 
existing plants locational factors will have been fairly well 
established and relatively little flexibility in the placement of the 
tower will be possible ccmpared to new plants. The most critical plants 
will be those which are located in areas of mixed zoning. Residents of 
those areas which have accepted a powerplant in close proximity to their 
homes may object to the additional impact of a massive structure and a 
new, large, visible emission. In terms of aesthetic impact the 
mechanical draft tower is superior to the natural draft tower. The 
physical size of these units is much smaller than the natural draft 
tower and the mechanical draft tower can be fitted with plGille 
suppressive equipment which is not yet available for natural draft 
towers. It is anticipated that this latter difference will be corrected 
in the near future. It may be that another type of evaporative cooling 
could be substituted for the tower in some instances. It is also noted 
that the fan-assist modification to the natural draft tower can 
substantially reduce its size. 

For new plants where the location, site layout and architectural plan 
have not been finalized, considerably more can be done to abate adverse 
aesthetic impact than is possible at existing plants. In addition to 
the selection of a less imposing cooling system where possible, and the 
installation of plume abatement systems, the site location can be 
selected to reduce the cooling tower visual angles to a minimum. The 
site layout can be used to place natural barriers between the tower and 
the surrounding land uses. A pleasing grouping of. building and common 
architectural treatment can be used to blend the facility into its 
surroundings. 

Mechanical draft towers will more easily fit into the surrounding area. 
Plant no. 2612 is using the low hills surrounding the plant to almost 
completely screen the towers from view. Landscaping can hide or blend 
the towers into other types of terrain. Painting the towers can aid in 
making their appearance more pleasing. 

Cooling lakes, if sufficiently large, can serve as recreation sites. 
With appropriate landsca~ing and structures, camping, boating, swimming, 
and fishing can be accommodated. One utility leases summer cabin sites 
along its cooling lake. Being low, these lakes normally blend well into 
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the landscape. 
required. 

Landscaping of cuts and fill areas will normally be 

Spray canals can be very pleasing to the eye if properly designed. 
Appropriate landscaping can hide the canal banks and power distribution 
systems. The sprays themselves can be attractive if arranged in a 
symmetrical pattern. They can be decorative, and be a definite asset to 
the plant's appearance. 

In summary, aesthetics is not a national-scale problem. In cases where 
aesthetic imi;acts of towers and plumes could occur, alternative 
technologies are available and plume abatement technology is available 
at moderate incremental cost. New plants have the added flexibility of 
site selection to helf winimize this problem. 

Icing control 

Icing can result from the operation of cooling towers in cold weather. 
Ice formation is usually confined to the tower itself_ and adjacent 
structures within the plant boundaries. No cases of tower related ice 
formation at locations external to the plant have been reported. 
Therefore, icing is an operational froblem of the cooling system· similar 
to the control of biological growths in the system rather than a 
nonwater quality environmental impact. 

Control of cooling tower ice formation can be obtained by providing 
appropriate features as the tower design and employing certain 
procedures in tower operation during periods of cold weather. In the 
case of mechanical draft towers, ice formation in the louvers can be 
melted by periodically reversing the fans to drive air across the hot 
water and through the louvers. Louvers can also be di-iced by flooding 
them with hot water ~hich is deliberatly spilled from the outer edge of 
the water distribution basin and allowed to cascade down over the 
louvers. In some instances louver icing can be controlled by 
concentrating the bet water load on the outmost segments of the fill 
during cold weather. This is accomplished by means of partitioned 
distribution basins and water distribution systems which allow for 
flexibility in the distribution of the water load over the fill area. 
For hyperbolics this is achieved by providing an annular channel at the 
outside edge of the fill and a distribution system which can divert a 
large fraction of the hot water into this channel. 

During cold weather an annular segment of the fill of a cross flow 
hyperbolic or one or rrore cells of mechanical draft units may be taken 
off line. The resulting increased water loading also serves to reduce 
tower icing. In some of the new designs for hyperbolics, the fill is 
completely bypassed during peri9ds of very cold weather and small plant 
loads. 
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comparison of Control Technologies 

The available control and treatment technologies for effluent heat are 
compared in Table B-VIII-16 based on incremental costs (production, 
capital, fuel, and capacity), effluent reduction benefits, and nonwater 
quality environmental impacts. 

The incremental costs (production, capital, fuel, and capacity), and 
costs versus effluent reduction benefits of the application of 
mechanical draft evaporative cooling towers to nonnew nuclear units and 
fossil-fueled units (base-load, cyclic, and peaking) with various years 
of remaining service life· is shown in Table B-VIII-17. A similar costs 
breakdown for new units is given in Table B-VIII-18. Both tables 
indicate the assumptions used in the cost analyses. 

In general for nonnew sources, the total costs of the application of 
thermal control technology in relation to the effluent reduction 
benefits to be achieved from such application are the most favorable for 
the newest, most highly utilized generating units, and, progressively, 
the least favorable for the oldest, least utilized generating units. 
For new sources the costs versus effluent reduction benefits are even 
more favorable due to the absence of "backfitting" costs of any kind, 
which would be a major cost for nonnew sources. In the intermediate 
case of a nonnew source for which construction has not been completed 
and some backfitting cost attributable to construction aspects would not 
occur, the costs versus effluent reduction benefits are likewise at a 
level of favorability above the typical operational nonnew source and 
below the new source. 

For otherwise similar uni ts, the cost versus effluent reduction benef i·ts 
are the most favorable for those that will be the most highly utilized, 
or base-load units. The costs versus effluent reduction benefits are 
the least favorable for the units that will be utilized the least, or 
peaking units. Cyclic units rank intermediate between base-load and 
peaking units. In any case, the costs versus effluent reduction 
benefits for units that are to be retired from service within 6 years 
are very high when compared to the newer units in that class of 
utilization (base-load, cyclic, peaking) which have a greater remaining 
service life. 

Considerations of Section 316(a) 

Section 316(a) of the Act authorizes the Administrator to impose (on a 
case-by-case basis) less stringent effluent limitations when a 
discharger can demonstrate that the effluent limitation proposed for the 
thermal component of the discharge from his source is more stringent 
than necessary to assure the protection and propagation of a balanced, 
indigenous population of shellfish, fish and wildlife in and on the 
waterbody. The procedures for implementing Section 316(a) may extend 
over an estimated time span of approximately from two months to twenty 
months depending from case-to-case, in the extent to which addit~onal 
studies are r~quired to establish effluent limitations based on 
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TABLE B-VIII-16 

CONTROL AND TREATMENT TECHNOLOGIES FOR HEAT 
COSTS, EFFLUENT REI;>UCTION BENEFITS, AND NON-WATER QUALITY ENVIRONMENTAL IMPACTS 

TECHNOLOGY INCREMENTAL COST FOR MAX. EFFL. RED. EFFL. RED. BENEFITS NONWATER ENVIRONMENTAL IMPACTS 
(Approx. no. of units % Base % Base % Base 
employing technology) Production Capital Fuel Capacity Fog Drift Noise Aesthetics Land Water Consumption 

Once-Through(2500) I 

0 0 0 0 0 0 0 0 0 0 0 

Process Change(O) 100 100 lSgain 15gain 15max 0 0 0 0 0 0 

Surface Cooling(lOO) 
Unaugmented 10-20 9-14 1-2 3-4 0-100 0 0 0 0 2000 100 

Augmented 10-20 9-14 1-2 3-4 0-100 * * 0 * 1000 2QO 

Evaporative(Wet) Tower 
~~chanical Draft(250) 10-20 9-14 1-2 3-4 0-100 * * * * 30 200 

Natural Draft(60) 10-20 9-14 1-2 3-4 0-100 0 I 0 0 * 30 200 

Dry Tower(l) 20-40 11-16 4-5 7-10 0-100 0 I 0 * 0 30 30gain 
I 

' Wet/Dry Tower(l) 14-28 10-15 2-3 4-5 0-100 0 I 
I * * 0 30 35 

Alternative Processes i 
Hydroelectric(lOO's) 0 0 lOOgain 0 0-100 0 0 0 0 2000 80gain 

Internal Combustion(lOO's) 100 100 0 

I 
0 0-100 0 0 * 0 0 lOOgain 

Combined Cycle(approx.50) alp 50 app 50 app SOgain 0 app 50 0 0 *I 0 0 SOgain 

I i I I 

* Note: Some highly site-specific incremental impacts, but not generally anticipated to be limiting. 



TYPE UNIT ~~NING LIFE 
Years 

IC. Nuclear 30-36 
(All bas~load) 24-30 

18-24 
12-18 

6-12 
0-6 

Averacie excl. 0-6 

II. Fossil-Fuel 
A. Base-Load 30-36 

24-30 
18-24 
12-18 

6-12 
0-6 

Averacie excl. 0-6 

... B. Cyclic 30-36 ... 
U1 24-30 

18-24 
12-18 

6-12 
0-6 

Averacie excl. 0-6 

c. Peaking 30-36 
24-30 
18-24 
12-18 

6-12 
0-6 

Average excl. 0-6 

Assumptions: TYPE UNIT 

TABLE B-V:I:J:I-17 
INCREME~ COST OF APPLICAT:I:ON OF MECHANICAL DRAFT lroUOla'l:IVE COOLING TOWERS- TO 

NONNJ;.W UNITS (BASIS 1970 DOLLARS) 

INCREMENTAL PRODUCTION COSTS INCREMENTAL CAPITAL COSTS ADD:I:TIONAL FUEL CONSUMPTION 
% of Base Cost Cost/Benefit % of Base Costf Cost/Benefit % of Base Fuel, Cost/Benefit 

$/[MWHJT $/f.MWHJT Consumption [MWH]F/[MWH]T 
xlO xlO xlOO . 

13 4 12 l 2 3 
14 5 12 l 2 3 
15 5 12 2 2 3 
16 6 l?. 2 2 3 
19 7 12 5 2 3 
30 11 12 10 2 3 

15 5 12 :> ' 3 

11 4 12 l 2 3 
12 4 12 l 2 3 
13 4 12 l 2 3 
14 5 12 2 2 3 
16 5 12 3 2 3 
22 7 12 8 2 3 

n 4 12 1.6 ' 
., 

14 5 14 2 2 3 
15 5 14 2 2 3 
16 6 14 2 2 3 
18 6 14 3 2 3 
20 8 14 5 2 3 
30 10 14 15 2 3 

17 6 14 3 7 < 

40 20 16 7 2 3 
40 20 16 8 2 3 
45 20 16 10 2 3 
50 30 16 13 2 3 
60 30 16 21 2 3 

100 60 16 61 2 3 

47 24 16 10 2 3 

GENBRATION CAPACITY REDUCTION 
% of Base Gen- Cost/Benefit 
eratinq capac. MW/[tpraJT 

xlO 
3 l 
3 l 
3 l 
3 2 
3 3 
3 9 

< , " 
4 l 
4 l 
4 l 
4 2 
4 3 
4 9 

4 1 " 

4 l 
4 l 
4 2 
4 3 
4 5 
4 14 

ii 4 

4 6 
4 7 
4 9 
4 13 
4 21 
4 64 

4 11 

Base Prod. Cost Base Cap. Cost Annual Boiler. Heat Rate Heat Loss Heat Converted Heat to Cooling Water Cost Replacement 
mills/KWH S/I<W Caoacitv Factor Btu/KWH Btu/KWH Btu/KWH Btu/KWH ca'Oac. S/KW 

I. Nuclear 6.50 150 0.10 10,500 200 3,500 6,800 90 
II. Fossil-Fuel 

A. Base-Load 6.34 120 0.11 10,500 500 3,500 6,500 90 
B. Cyclic 8.35 120 0.44 11,500 500 3,500 7,500 90 
c. Peakina 12.5 120 0.09 12-500 500 3 500 8 500 90 

Subscripts: F indicates electrical e~uivalence of fuel consumed, and T indicates electrical equivalence of heat reJected to cooling water. Both are 
calculated at 0.293 x10- [MWH]/Btu. 



TYPE UNIT 

i. Nuclear (All base-load) 

II. Fossil-Fuel 
A. Base-Load 
B. Cyclic 
c. Peaking 

TABLE B-VIII-18 
INCREMENJ1!U, COST OF APPLICATION OF MECHANICAL DRAFT EVAPORATIVE COOLING TCMERS TO 

NEW UNITS (BASIS 1970 DOLLARS) 

INC~AL PRODUCTION COSTS INCREMENI'AL CAPITAL COSTS ADDITIO~ FUEL CONSUMPTION 
% of Base Cost Cost/Benefit % of Base Cost eost/Benefit % of Base Fuel Cost/Benefit 

$/(MWH]T $/(MWH]T Consumption [MWH]F/[MWH]T 
xlO xlO xlOO 

I 

10 3 9 1 1 2 

10 3 9 2 1 2 
11 4 10 4 1 2 
28 13 11 18 1 2 

GENERATION CAPACITY REDUCTION 
% of B.ase Gen- Cost/Benefit 
erating Capac. MW/(~]T 

xlO 

3 1 

4 1 
4 1 
4 4 

Assumptions: 

I 

TYPE UNIT Useful Life Base Prbd. Cost Base Cap. Cost Annual Boiler Heat Rate Heat Loss Heat Converted Heat to Cooling Water Cost Replacement 
Years mills/KWH $/KW Caoacitv Factor Btu/KWH Btu/KWH Btu/KWH Btu/KWH Canac •. $/KW 

I. Nuclear 40 6.50 150 0.70 10,500 200 3,500 6,800 150 
I. Fossil-Fuel 

A. Base-Load 36 6.34 120 0.77 10,500 500 3,500 6,500 120 
B. Cyclic 36 8.35 120 0.44 11,500 500 3,500 7,500 120 
c. Peaking 36 12.5 120 0.09 12,500 500 3,500 8,500 120 

Subscripts: F indicates electrical e~uivalence of fuel consumed, and T indicates electrical equivalence of heat rejected to cooling water. Both are 
calculate~ .at 0.293x 10- [MWH]/Btu. 



environmental need. Correspondingly, the timing for cases leading to 
significant thermal controls could exte.nd in many cases beyond July 1, 
1977. See Table B-VIII-19. The Act does not authorize extentions of 
the implementation dates for best practicable control technology 
currently available at individual sources to dates after July 1, 1977, 
even in consideration of Section 316(a). 

EPA estimates of the number of various. types of units that will require 
some thermal controls based on environmental need (Section 316(a) 
determination) are shown in Table B-VIII-20. 

The incremental U.S. fuel consumption of thermal controls based on 
environmental need (Section 316(a) determination) can be estimated based 
on the following assumptions: 

1) One-ha~f of the plants with once-through cooling systems have no 
thermal effluent limitations. 

2) "No discharge" thermal controls are requ~red for one-half of the 
capacity of remaining once-through plants during 3-4 months of the 
year, scattered, in the aggregate, year round. 

3) Thermal effluent limitations will be met using mechanical draft 
evaporative cooling towers. (This is highly conservative since all 
other technologies, except dry cooling towers, use less energy). 

4) Equal controls regardless of fuel types. 

5) No net changes from distribution shown in Figure III-1. 

The estimated incremental consumption of fuels, based on the aQove 
asswnptions, is 0.12% increase in nuc+ear fuel, 0.06% increase in coal, 
0.02% increase in natural gas, and a 0.01% increase in oil, by 1980. 
This result is shown in graph form in Figure B-VIII-24. Further, b~sed 
in a similar analysis, the annual incremental oil consumption assuming, 
conservatively that all thermal controls needed are added by July l, 
1977, is shown in Table B-VIII-21 • Incremental oil consumption is zero 
unitl July l, 1977, with the 1980 level estimated at 41,000 barrels per 
day, compared to a projected total u.s~ oil usage of 21,500,000 barrels 
per day by 1980. 
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Table B-VIII-19 

TIMING FOR CASES LEADING TO SIGNIFICANT THERMAL CONTROLS 

BY JULY 1, 1977 

ACCOMPLISHMENT 

Propose effluent limitations guidelines 

Propose Section 316(a) procedures 

Begin Section 316(a) procedures 

Promulgate effluent limitations guidelines 

Promulgate Section 316(a) procedures 

Establish effluent limitation based 
on Section 316(a) procedures 

Discharger selects control means 

Discharger awards construction contract 

Discharger meets effluent limitation with ••• 

• Mechanical draft cooling tower 

• Natural draft cooling tower 

• other means 

( ) indicates noncompliance with 1977 date 

EARLIEST 

Mar 1974 

Mar 1974 

Mar 1974 

Jul 1974 

Jul 1974 

May 1974 

May 1974 

Aug 1974 

Feb 1976 

Jul 1977 

Jul 1977 

LIKELIEST 

Mar 1974 

Mar 1974 

Mar 1974 

Jul 1974 

Jul 1974 

Jun 1975 

Jul 1975 

Oct 1975 

Jul 1977 

(Dec 1978) 

Jul 1977 

LATEST 

Mar 1974 

Mar 1974 

Mar 1974 

Jul 1974 

Jul 1974 

Nov 1975 

Feb 1976 

May 1976 

(May 1978) 

(Oct 1979) 

Jul 1977 



Table B,;.VIII-20 

ESTIMATED NUMBER OF UNITS REQUIRING THERMAL CONTROLS 
BASED ON ENVIRONMENTAL NEED 

Type of Unit Total Number Number Already Com-
of Units mitted to Controls 

Base-Load 

Completing construction 40 20 
after July 1, 1977 

Completing construction 
prior to July 1, 1977 

• Capacity 500 MW and 260 80 
greater 

• Capacity 300 to 500 MW 200 50 

• Capacity less than 1000 250 
300 MW* 

All other Uni ts 1500 300 

Number Requiring Some 
Controls Based on 

Environmental Need 

10 

90 

50 

350 

600 

* Note: Excludes units in plants under 25 MW or in systems less than 150 MW 



I 
~ 
l:t: 

~ 
0 
CJ 

H 

>i ~ 
~ ril 

::i:: 
~ E-1 
ril ::i:: 
H E-1 

H .:x: ~ 

~~ z 
. .,n E-1 0 :> H 

~ E-1 
.:x: H H 

~ CJ 
0 

~ CJ) 
CJ) 

i:c. .:x: 
>i 
CQ 

@ 
.:x: 
ril 

~ 
>i 
CQ 

! 

Figure B-VIII-24 

ESTIMATED u.s. ENERGY SITUATION (1980) RELEVANT TO ENVIRONMENTALLY-BASED CONTROL 
OF THERMAL DISCHARGES FROM STEAM ELECTRIC PCMERPIANTS 
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Table B-VIII-21 

INCREMENTAL OIL CONSUMPTION IF ALL ENVIRONMENTALLY-BASED 
THERMAL CONTROLS ARE ADDED BY JULY 1 1 1977 

YEAR TorAL PROJECTED OIL CONSUMPTION MAXIMUM* INCREMENTAL OIL 
BY PCMERPIANTS CONSUMPTION DUE TO 

THERMAL CONTROLS 
thousand barrels per day thousand barrels per day 

1974 2,200 0 

1975 2,400 0 

1976 2,600 0 

1977 2,800 17 

1978 3,000 36 

1979 3,200 38 

1980 3,400 41 

* Note: Based on the application of mechanical draft cooling towers, which 
consume more incremental energy than do alternative technologies 



PART B 

THERMAL DISCHARGES 

SECTIONS IX, X, XI 

BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY 
AVAILABLE, GUIDELINES AND LIMITATIONS 

categorization 

BES~ AVAILABLE TECHNOLOGY ECONOMICALLY 
ACHIEVABLE, GUIDELINES AND LIMITATIONS 

NE.W SOURCE PERFORMANCE STANDARDS 
AND PRETREATMENT STANDARDS 

steam electric powerplants utilize heat released from suitable fuels to 
produce steam which, in turn, drives turbine generators which produce 
electrical energy. The used, expanded steam is caidensed into water by 
rejecting unusable waste heat into a cooling wat~r circuit. The 
condensed steam, now high-purity water, is then returned to the 
powerplant boiler ready for re-use. The rejected heat must be discarded 
to the environment. 

Steam electric powerplants (stations) are comprised of one or more 
generating units. A generating unit typically consists of a discrete 
boiler, turbine-generator and condenser system; however, some units 
employ multiple boilers with common headers to multiple turbine­
generators. Fuel storage and handling facilities, water treatment 
equipment, electrical transmission facilities, and auxiliary components 
may be a paz:t of a discrete generating unit or may service more than one 
generating unit. 

While there are no formal subcategories, differences in age, size, 
processes employed, etc., were considered in development of limitations 
and are reflected in the limitations and in the dates by which the 
limitations must be achieved. Because technology for the control and 
treatment of heat is specific to that parameter and higher in cost than 
technology required to control other parameters, the guidelines for heat 
were developed separately. Guidelines for other parameters apply 
(generally) to all generating units because factors such as age, size, 
etc., are not correlated with waste 1oad or practicability of employing 
control technology. 

The characteristics of waste water heat discharges and the degree of 
practicability of control and treatment technology for heat are closely 
associated with characteristics of the individual generating units 
employed. The most significant factors governing the quantity of waste 
heat generated relative to the electrical energy produced (a measure of 
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the process efficiency) are the characteristics of the generating 
process employed. The significant process factors include the raw 
materials (fuel) emplcyed, the boiler design pressure and temperature 
cycle characteristics such as reheat and regeneration, and the turbin~ 
characteristics. Generally the newer, larger, more-efficient units are 
assigned base-load service and the older, smaller, less-efficient units 
are used for meeting feak demands. 'Ihe type of service (base-load 
etc.) and remaining service life characteristics are significant factor; 
affecting the degree of practicability of attaining effluent r€ductions 
relative to the quantities of heat generated inasmuch as they determine 
in combination, the arrount of corresponding electrical energy productio~ 
to which the control and treatment costs are compared. 

The 197 0 National Power Survey, a report by the Federal Power Commission 
(FPC) describes base-load, intermediate, and peaking units as follows, 
Base-load units are designed to run more or less continuously near full 
capacity, except for periodic maintenance shutdowns. Peaking units are 
designed to supply electricity, principally during times of maximum 
system demand, and characteristically run only a few hours a day. Units 
used for intermediate service between the extremes of base-load and 
peaking service must be able to respond readily to swings in systems 
demand, or cycling. Units used for base-load service produce 60 
percent, or more, cf their intended maximum output during any given 
year, i.e., 60 percent, or more, capacity factor; peaking units less 
than 20 percent; and cycling units 20 to 60 percent. The FPC Form 67, 
which must be submitted annually by all steam electric plants (except 
small plants or plants in small systems), reports average boiler 
capacity factors for each boiler. The boiler capacity factor is 
indicative of the gross generation of the associated generating unit. 
The net generation is less than the gross generation to the extent that 
electricity is used by the plant itself. 

The operations and economics of nuclear power generation dictate base­
load service for these units inspite ot" the significantly larger 
quantities of waste heat rejected to cooling water compared to otherwise 
similar fossil-fueled base-load units. Similarly, all of the large 
high-pressure, high-temferature, fossil-fueled units have been designed 
for base-load service. 

The base-load units placed in service in the 1960 1 s had as of 1~0 
approximately 15 or mere years of base-1 oad service remaining, but 
eventually the installation of more economic base-load generating units 
may make it desirable to convert certain units to cyclic or peaking 
service. However, some fossil-fueled units have been initially built 
for cyclic or peaking service, beginning in 196 O and extending to the 
present. Features of units designed for cyclic or peaking service 
include the absence of the use of coal as a fuel, high-pressure, high­
temperature steam conditions, reheat stages, and some additional feed· 
water heaters which are normally used with most base-load units. · 
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Base-load units represent approximately 70.percent of the total u.s. 
installed capacity of steam-electric powerplants, cycling units 25 
percent, and peaking units 5 percent. However base-load units account 
for approximately 90 percent of the total u.s. steam electric energy 
generation, and therefore, approximately 90 percent of total effluent 
heat. Cycling units account for approximately 10 percent of the total 
effluent heat, and peaking units less than 1 percent. 

waste Characteristics 

steam electric powerplants discharge about 50 trillion gallons of waste 
water per year, which is roughly 151 of the total flow of waters in u.s. 
rivers and streams. Almost all of this water contains heat added by the 
powerplants. 

control and Treatment Technology 

Thermal (waste heat) control and treatment technologies are of two 
general types; those which are designed to reduce the quantities of 
waste heat rejected from the process in relation to the quantities of 
'electrical energy generated and those which are designed to eliminate to 
some degree the reliance upon a navigable water body as an intervening 
step leading to the ultimate transfer of the rejected heat to and beyond 
the atmosphere. The former type of thermal control is confined to in­
process means, while the latter takes the form of external devices, 
other than navigable water bodies, which extract heat from the 
circulating cooling water after it obtains the rejected heat at the 
condenser. For the purpose of effluent heat reduction the latter is 
clearly the most cost effective over the range of significant effluent 
reductions. 

External thermal control means ·take the form, on one extreme, of surf ace 
water bodies confined to the property of the powerplant; and, on the 
other, of configured engineering structures. other methods · between 
~hese extremes combine engineering equipment with the confined surface 
water bodies. The configured engineering structures (towers) are more 
universally applicable than means involving to any degree confined 
surf ace water bodies due to the significantly larger land areas needed 
for the latter. 

Cooling towers are available utilizing any one, and in some cases more 
than one, of the follcwing combinations of engineering characteristics: 
~vaporative or noneva~orative, mechanical draft or natural draft, forced 
mechanical draft or induced mechanical draft, fan-assisted natural draft 
or unassisted natural dra~, and crossf low or counterflow. The specific 
type of c0oling tower most widely used at powerplants today is the 
crossflow, inchced mechanical draft, evaporative tower. Theoretically, 
a,cooling tower of any type could be designed to remove a part of or all 
of the waste heat rejected by any powerplant. In practice, however, 
site-dependent factore prevail which can preclude the application of any 
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particular means for any particular powerplant and which further lead to 
the selection of the rrost appropriate means from the remaining 
candidates due to cost and other considerations. 

Mechanical draft evaporative cooling towers are in operation in 
conjuntion with approximately 200-300 or more steam electric generating 
units in the u.s. cut of a total of about 3000 units at approximately 
1000 plants. Natural draft evaporative cooling towers have been 
constructed, or are on order, for apfroximately 60 additional generating 
units. Between 50 and 100 more units emfloy unaugmented or mechanically 
augmented cooling lakes, ponds and canals. One dry (non-evaporative) 
cooling tower is in use in. the U.S. In most cases, the external thermal 
control means are employed to completely recirculate the cooling water, 
except for the relatively small amounts discharged in the bleed; or 
blowdown, necessary for control of cooling water chemistry to achieve a 
practical degree of corrosion and scaling protection. In this manner 
essentially 100% of the waste heat rejected to the cooling water is 
removed and tranferred directly to the atmosphere. 

In establishing effluent limitations reflecting levels of technology 
corresponding to to best practicable control technology currently avail­
able (to be achieved no later than July 1, 1977) , best available 
technology economically achievable (to be achieved no later than July 1, 
1983), standards of performance for new sources, and pretreatment 
standards, it must te concluded that there is only one suitable 
technology available and demonstrated,· evaporative external cooling to 
achieve essentially nc discharge of heat, except for cold-side blCMdown, 
in a closed, recirculating cooling system. The judgments involved are 
therefore reduced tc the determination of the types of units to which 
the technology should be applied and when it should be applied, in ~he 
light of incremental national-scale costs versus effluent reduction 
benefits as well as unit-by-unit costs versus effluent reduction 
benefits and other f actcrs. 

In consideration of the total costs of the application of technology in 
relation to the effluent reduction benefits for heat, and other factors 
including energy and other non-water quality environmental impacts, the 
effluent limitations ccrresponding to the best practicable control 
technology currently available are no discharge of heat except for cold­
side blowdown, for all large base-load units the construction of which 
is completed after July 1, 1977, as is reflected by the application of 
closed-cycle evaporative cooling systems. The mechanical draft 
evaporative cooling tower provides the basis for the analysis used to 
evaluate the costs, effluent reduction benefits and other factors. No 
limitation on heat is reflected by the bes~ practicable control 
technology for cyclic and peaking units. No limitation on heat is 
reflected by the best practicable· control technology for units with 
insufficient land available for mechanical draft towers, including 
spacing, or where salt water drift from mechanical draft towers could 
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adversely impact neighboring land uses, provided no alternative 
technologies would be practicable. In addition for all units the 
c~n~tru~tion of which ~as been or will be completed by July 1, 1977, no 
limitation o~ heat is reflected by the best practicable control 
t7chnology, since, as more fully explained below, the limitation of no 
dis~harge of heat except for cold-side blowdown is not practically 
achievable by.July 1, 1977, the date mandated by the Act for achievement 
of best practicable control technology currently available. 

In consideration of the relevant factors including those required in the 
Act, such as the cost of achieving effluent reductions, energy and 
non-water quality environmental impacts, the effluent limitations 
corresponding to the best available technology economically achievable 
are no discharge of heat, except for cold-side blowdown, for all but the 
very oldest base-load units not covered by best practicable control 
technology cutrently available and for all cyclic and peaking units, as 
is reflected by the application of closed-cycle evaporative cooling 
systems. The mechanical draft evaporative cooling tower provides the 
basis for the analyses of costs and other factors. No limitation on 
heat is reflected by the best available technology economically 
achievable for units where sufficient land cannot be made available for 
mechanical draft towers, including spacing. 

The time required for owners and operators of base-load units to 
complete the procedures for the consideration by the Regional 
Administrator of exemptions to the effluent limitations on heat, as 
provided by section 316(a) of the Act renders an effluent limitation of 
no discharge of heat except for cold-side blowdown outside the scope of 
best practicable control technology currently available for any unit 
which must achieve such limitation before July 1, 1977. An owner or 
operator following the procedure but failing to demonstrate that the 
effluent limitation proposed is excessively stringent could achieve an 
effluent limitation of no discharge by July 1, 1977, under only an 
optimistic set of conditions, if construction of the control means was 
not begun until after completion of the section 316(a) procedures. 
Hence, universal achievement of no discharge of effluent limitations by 
existing base-load sources, by July 1, 1977, would not be realistic in 
the light of the time required for section 316(a) procedures. The Act 
contains no provisions which would allow for the delay of the required 
date for the application of section 301 effluent limitations in 
individual cases. However, since the Act requires that effluent 
limitations reflecting the application of the best avail&ble technology 
economically achievable by "no later than" July 1, 1983, it is concluded 
that these regulations can require that the effluent limitations be 
achieved by certain dates prior to July 1, 1983, if such dates are 
realistically achievable. Correspondingly, the realistic achievement of 
the goals of the Act would be served if dates for complete 
implementation of best available technologyzeconomically achievable were 
established that were realistic but not far past the 1977 horizon. This 
can be accomplished by limiting the coverage of the best practicable 
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control technology currently available to the relatively small number of 
sources that would not be completed until after July 1, 1977. Since the 
scheduled dates for completion of construction for these sources would 
be distributed over the years 1977 to 1982, a no discharge limitation 
would be realistically achievable by the time the affected sources would 
become operational. Realistically achievable dates for the base-load 
units constructed before July 1, 1977, would be as follows: 

l.capacity of 500 MW and greater: July 1, 1978 

2.capacity 300 to 499 MW: July 1, 1979 

3.capacity 299 MW and less, except for small units: July 1, 1980 

4.small units, i.e., unit in a plant with a capacity less than 25 MW or 
in a system with a capacity less than 150 MW: July 1, 1983. 

The proposed best practicable control technology currently available and 
best available technology economically achievable for heat are based on 
the above rationale. 

In consideration of the relevant factors including those required in the 
Act, such as the cost of achieving effluent reductions, energy and non­
water quality environmental impacts, the effluent limitations 
corresponding to standards of performance for new sources for heat are 
no discharge of heat, except for cold- side blowdown, from all new 
sources, without variation. 

Cost of Technology 

The unit costs of the application of available external control and 
treatment technology for heat to generating units of various sizes is 
essentially invariant with size, over the range of present processes, 
due to the general availability of small modules applicable to 
incremental loads. 

Factors affecting the incremental costs of effluent heat reductions for 
any particular generating unit are dependent upon the characteristics of 
the plant site, as follows: available land, generating unit 
configuration (accessibility of existing condenser cooling system, 
ability of space to accomodate a new circulating cooling system), 
requirements imposed by nearby land uses (drift, fogging and icing, 
noise, structure height and appearance), climatic considerations (wind 
direction and velocity, wet bulb temperature, relative humidity, dry 
bulb temperature, equilibrium temperature of natural (surface) cooling, 
soil bearing characteristics, significance of regional consumptive use 
of water~ significance of impact on regional demand availability of 
power to consumers, and characterisitics of intake water (temperature, 
concentrations of dissolved materials). 
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The significant costs of external cooling systems themselves are 
determined characteristically by three major engineering design 
parameters: the cooling water flow rate, the rate of heat removal 
required, and the difference between the desired temperature of the cold 
water returned to the condenser and the lowest cold water return 
temperature theoretically achievable. Other major costs generally 
associated with applying external cooling in the place of systems 
employing no external cooling means are attributable to additional 
piping and pimps and to the physical alterations in the cooling system 
that are required by the conversion. The incremental energy (fuel) 
consumption costs of external cooling system are determined largely by 
the additional pumping energy required, the power required to drive the 
circulating air fans, and in most cases where the cooling water 
discharged from the external cooling means is recirculated to the 
condensers, the increase in waste heat rejected due to the process 
energy conversion inef·f iciency imposed by the resulting increased 
tu~bine exhaust pressure. A further cost of external cooling means can 
be the reduced margin of reserve generating capacity of a system 
employing the generating unit to meet peak demands for power. The 
reduced capacity of a unit corresponds to the energy losses incurred 
during full capacity operation. A further reduction in margin of 
reserve generating cai;acity of a system will occur during the time in 
which a unit must be shut down in order to complete the changeover to 
the closed-cycle cooling system. Many changeovers can be made during 
normal periodic shutdowns for maintenance. Incremental downtime due to 
changeovers may be from 30 to 90 days for each unit. 

In general, the monetary and energy consump:.ion costs of effluent heat 
reductions of less than 100 percent would be approximately proportional 
to the corresponding percentage reduction. It must be noted that, while 
fractional heat removals are theoretically achievable, no external 
cooling means have teen employed to date to meet requirements· based on 
fractional heat removals for individual units. Moreover, the 
application of open cooling systems to achieve significant fractional 
heat removals would cause more damage to organisms brought into the 
cooling water system than would a closed-cycle system for essentially 
100 percent heat removal due to the higher volume of intake water 
required by the former. 

The following analysis of the monetary, energy consumption and capacity 
loss costs of external cooling systems are based on the requirement of 
the guidelines that blowdown is permitted only from the cold side of the 
external cooling means. On the conservative assumption that all 
external cooling means already employed on existing units provide for 
blowdown from the hot side, then the incremental costs associated with 
requiring blowdown from the cold side of the external cooling means of 
these units would be a fraction of the total cost of the required 
external cooling means, said fraction being approximately the ratio of 
the present blowdown flow rate to the total flow rate through the 
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condensers, neglecting drift loss effects. This fraction is typically 
less than 2 percent. 

The average incremental costs of the application of mechanical draft 
evaporative cooling towers to base-load units to achieve no discharge of 
heat except for blowdGln are estimated to be as follows: 

!.production costs: 14 percent of base 

2.capital costs: 12 ~recent of base 

3.fuel consumption: 2 percent of base 

4.capacity reduction: 3 percent of base 

Incremental dollar costs for cyclic units are higher by about 20%, while 
fuel consumption and capacity reductions are the same as for base-load 
units. Incremental production costs for peaking units are about three 
times the costs for base-load units. Incremental capital costs are 
about 40% higher than for base-load units, and fuel consumption and 
capacity reductions are the same. 

The average incremental costs versus effluent reduction benefits 
(dollars/unit heat removed) for cyclic units are about double those for 
base-load units, exce~ for fuel consumption which is invariant with the 
degree 9f utilization. Average incremental costs versus effluent 
reduction benefits for peaking units are about three to four times those 
for cyclic units. 

For new sources for base-load, cyclic and peaking units respectively, 
the average incremental production costs are 10, 11 and 28 percent of 
base costs; the incremental capital costs are 9, 10, and 11 percent of 
base costs, the fuel ex>nsumption costs are all 1 percent of base fuel 
consumption, and the generating capacity reduction is 0 to 2 percent of 
base capacity depending on whether the capability to overdesign is 
considered. 

The above costs for non-new sources do not reflect the exemptions from 
the no discharge limitation for units for which insufficient land is 
available for the caistruction of mechanical draft evaporative cooling 
towers or for which salt water drift precludes their use. The analyses 
on which the cost estimates are based assume the application of state­
of-the-art technology for drift elimination, but do not assume purchase 
of land. The factors of adverse climate, fogging and icing, and noise, 
while possibly adding marginal costs where additional levels of 
technolo9y are required for control, are not·national-scale factors. 
Since the overall costs and the land availability and saltwater drift 
factors are based on mechanical draft evaporative cooling towers, with 
incremental costs for plume abatement, etc. if required, the potential 
aesthetic factors associated with the tall structure of natural draft 
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towers, with spray ponds, with cooling ~onds, or with cooling tower 
plumes have been indirectly taken into account. 

While the mechanical draft evaporative cooling tower was selected as a 
model for the cost analyses because of its widespread use and more 
universal applicability, this in nc way precludes the actual use of 
other technologies to achieve the effluent limitations. 

The costs of other external evaporative systems for effluent heat 
reduction are generally comparable to the costs of mechanical draft 
evaporative cooling tcwers. Site-dependent factors, however, could tend 
to in~reas7 some costs and lower others significantly depending on the 
location involved. Costs that would be incurred and corresponding 
effluent reduction benefits for units already planning or employing 
closed-cycle cooling systems would be zero or relatively insignificant 
depending upon whether the blowdown is from the cold-side or not. 
However, in the case of hot-side blowdown, the costs versus effluent 
reduction benefits related to achieving cold-side blowdown would be 
approximately in the same proportion as the costs versus effluent 
reduction benefits for achieving clcsed-cycle cooling for an otherwise 
similar unit with an open cooling system. 

Energy and Other Nonwater Quality Environmental Impacts Impacts. 

Energy 

The incremental energy (fuel) consumption costs of mechanical draft 
evaporative cooling tcwers applied to existing units are typically about 
1 to 2 percent of the energy generated or fuel consumed. corresponding 
costs of unassisted natural draft cooling towers and of spray canals and 
ponds are lower by an increment of approximately 1/2 percent or less. 
Fuel consumption costs for unaugmented cooling lakes are lower by about 
1/2 percent. The energy costs of mechanical draft dry (nonevaporative) 
cooling towers are higher by an increment of more than 2 percent. 
Energy (fuel) consumption costs of applying these closed-cycle cooling 
systems to new units would be less due to the opportunity provided for 
overall optimization cf the process as well as the cooling system. 

A typical existing generating unit to which mechanical draft evaporative 
cooling towers would te applied for essentially 100 percent reduction of 
effluent heat would te reduced in generating capacity by about 3 to 4 
percent of its former capacity during part of the year. Reduced 
capacity corresponding to other types of cooling employed at existing 
units would be approximately proportional to the fuel consumption cost 
percentages cited atove. For new units no capacity loss would occur 
since the unit would be oversized to make up for this factor. 

Energy requirements far technologies reflecting the application of the 
best available technology economically achievable for pollutants other 
than heat are less than 0.2 percent of the total plant output. 
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Reduced margins of reserve capacity due to lost generating capacity 
could be significantly offset by delayed retirements, but not without 
some added generating costs due to the relative inefficiency of the 
older units. The installation of combustion turbines to replace lost 
capacity can be accomElished relatively quickly. Eventually the lost 
capacity could be replaced by the construction of new highly-efficient 
base-load units. 

Potentially, the construction of additional transmission lines and other 
efforts to achieve higher degrees of regional and national reliability 
coordination could completely offset the reduced margins of reserve 
capacity due to lost generating capacity. Furthermore, citizen and 
other user efforts to reduce consum~tion during the brief periods of 
peak demand could significantly lessen the impact of reduced reserve 
margins. The above factors are especially significant in the case of 
the numerous lD'lits in small plants and systems where the engineering 
design manpower requirements would be high relative to the heat removals 
achieved, the availability of capital would be somewhat lower due to the 
smaller amounts and higher risks involved, and the possible impact of 
reduced reserve capacity would be larger due to the relatively limited 
extent of the systems. 

Other Non-Water Quality Environmental Impacts 

Non-water quality environmental im~acts of external thermal control 
technology include possible effects of salt water drift (droplet 
carryover from evaporative towers and spray systems) , increased fogging 
or water consumption ~ith evaporative systems, noise if mechanical draft 
towers are adjacent tc populated areas, and increased aesthetic impacts 
due to the size of natural draft towers and visible plumes from all 
evaporative towers. The potential effects of salt water drift have been 
taken into account by the exemption provided in the guidelines from the 
no discharge requirements in instances in which it is likely to present 
a significant problem. 

However, in the limited number of cases where it would be required, 
technology is available to reduce or eliminate drift, fogging, visible 
plumes and noise effects, and water consumption rights are available 
where required, eact at incremental costs above standard evaporative 
cooling systems for closed-cycle cooling. 

Economic Impact Including Impact on U.S. Fuel Consumption 

The proposed effluent limitations are based on the technological 
capabilities of steam electric powerplants. Section 316(a) of the Act 
allows for exemptions to the proposed limitations on heat, in a 
case-by-case basis, based on the consideration of environmental need. 

It has been estimated, based on an analytical model of the cooling 
capacity of u.s. rivers and from a survey of EPA regional personnel, 
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that approximately one-half to two-thirds of the steam electric 
powerplants (b¥ capacit¥) not already achieving "no thermal discharge" 
ar7 n?t now in violation.of present or projected thermal environmental 
criteria. . Of the remainder, "no discharge" thermal controls 
corresponding t? general~y one-half of the capacity at each plant would 
be warranted during certain parts of the year based on environmental 
considerations. It is further estimated that' generally thermal controls 
would be needed during 3-q months of the year, or approximately 30% of 
the time, scattered, in the aggregate, year round. 

Approximately 20% of existing steam electric powerplants already achieve 
"no thermal discharge." A significantly larger percentage (over 501) of 
plants that are not considered "new sources" under the definitions of 
the Act but will begin initial operation in the period 1974 - 1982 are 
already committed to clcsed cooling systems. 

By 1980 approximately 30% of all u.s. energy uses has been projected to 
be through electrical generation. 'The electrical generation processes 
have been projected by one source tc be comprised of approximately 40% 
coa~-fueled, 25% nuclear, 15% oil-fueled, 15% gas-fueled and 5% hydro 
and geothermal plants. Approximately 501 of all coal is projected to go 
to powerplants, 15% of all natural gas, and 10% of all oil. 

Incremental fuel consumption due to closed cooling water systems at 
steam electric powerplants is due to the power required to drive the 
pumps and fans (if they are employed) in the closed system and to the 
reduced energy conversion efficiency brought about by changes in steam 
condensing pressures. Generally the increased fuel consumption relative 
to base fuel consumption would be approximately 1% for pumps and fans 
(if they are employed) and 11 for changing steam pressures. Mechnical 
draft evaporative ccoling towers are the most widely used means for 
achieving closed~cycle cooling. 'Ibey employ both pumps and fans. Other 
means comDK>nly employed use no fans (natural draft towers, spray canals, 
cooling ponds) or no additional pumping (cooling ponds). 
Environmentally-based thermal effluent limitations may be met by 
open-cycle systems, that cause no loss in energy conversion efficiency 
due to changing steam pressures and which use the preceeding means and 
others. 

Assuming equal environmentally-based thermal controls regardless 
fuel, no net changes in generating distribution among the fuels used 
use of mechanical draft cooling towers (highest fuel consumption) 
above numbers translate into a 0.121 increase in nuclear fuel 
sumption to meet therual controls, a 0.06% increase in total U.S. 
consumption, a 0.02% increase in total u.s. natural gas consumption 
a 0.01% increase in tctal u.s. oil consumption, by 1980. 

of 
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The estimated economic impact by 1983, of the propos~d effluent 
limitations guidelines, considering the estimated effect of exemptions 
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to be allowed through appeals under section 316(a) of the Act are as 
follows: 

1.Total capital required is $12.0 billion which is 3.3% of the base 
capital required. 

2.Cost to consumers ~uld reach $4.1 billion per year, which is 3.6% of 
the base cost to consumers. 

3.Price increase by 0.9 mills per kwh, or 7.2% of base production costs. 

4.Fuel consumed would reach a level equivalent to 9 million tons of coal 
per year, or 0.23 of U.S. consumpticn for all purposes. 

5.Capacity loss of 3,300 MW, or 0.4% of u.s. generating capacity. 

Similarily for new sources, between 1985 and 1990, the above costs, 
respectively, are $11.8 billion (2.03 base), $1.7 billion per year (0.7% 
base), 0.05 mills per KWH (1.4% base production costs), 8 million tons 
per year (0.12% base), and 3,100 MW (0.25% base). 
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SECTION XIV 

GLOSSARY 

Absolut~ Ei:essure 

The total force per unit area measured above absolute vacuum as a 
referehce. Standard atmospheric pressure is 101,326 N/m2 (14.696 psi) 
above absolute vacuum (zero pressure absolute). 

Abso,!y~ ~meeratur~ 

The temperature measured from a zero at which all molecular activity 
ceases. The volume of an ideal gas is directly proportional to its 
absolute temperature. It is measured in oK (OR) corresponding to oc + 
273 (DF + 459). 

A substance which dissolves in water with the formation of hydrogen ion. 
A slibstance containing hydrogen which may be ~isplaced by metals to form 
salts. 

Acidity 

The quantitative capacity of aqueous solutions to react with hydroxyl 
ions (OH-). '!he condition of a water solution havi·ng a pH of less than 
7. 

Agglomerati2D 

The coal·escence of dispersed suspended matter into larger floes or 
particles which settle more rapidly. 

Alkali 

A soluble substance which when dissolved in water yields hydroxyl ions. 
Alkalies combine with acids to yield neutral salts. 

Alkalin~ 

The condition of a water solution having a pH concentration greater than 
7.0, and having the properties of a base. 

Alkaliniu 

The capacity to neutralize acids, a property.imparted to water by its 
content of carbonates, bicarbonates, and hydroxides. It is expressed in 
milligrams per liter of equivalent caco1. 
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Ani.Q!! 

The charged particle in a solution of an electrolyte which carries a 
negative charge. 

fillthraci te 

A hard natural coal of hiqh luster which contains little volatile 
matter. 

fil2£,r.Qach I~!!U2~.Y!:~ 

The difference between the exit temperature of water from a cooling 
tower, and the wet bulb temperature of the air. 

The solid residue following combustion of a fuel. 

~sh §!.uice 

The transport of solid residue ash by water flow in a conduit. 

Operation of a granular fixed bed in reverse flow to wash out sediment 
and reclassify the granular media. 

~llil Filters 

A fabric type filter in which dust laden gas is made to pass through 
woven fabric to remove the particulate matter. 

A compound which dissclves in water to yield hydroxyl ions (OH-). 

An electric generating facility operating continuously at a constant 
output with little hourly or daily fluctuation. 

An agent used to control biological growth. 

A coal of intermediate hardness containing between 50 and 92 percent 
carbon. 
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Blowdown 

A portion of water in a closed system which is wasted in order to 
prevent a build-up of dissolved solids. 

Biochemical oxygen demand. The quantity of oxygen required for the 
biochemical oxidation cf organic matter in a sewage or industrial waste 
in a specific time, at a specified temperature and under specified 
conditions. A standard test to assess wastewater pollution level • 

. Boiler 

A device in which a liquid is converted into its vapor state by the 
action of heat. In the steam electric generati~g industry, the 
equipment which converts water into steam. 

Boiler Feedwater 

The water supplied to a boiler to be converted into steam. 

Boiler Fireside 

The surface of boiler heat exchange elements exposed to the hot 
combustion products. 

Boiler~~ 

An incrustation of salts deposited on the waterside of a boiler as a 
result of the evaporation of water. 

Boi!~~ Tube.§ 

Tubes contained in a boiler through which water passes during its 
conversion into steam. 

Bottom Ash 

The solid residue left from the combustion of a fuel, which falls to the 
bottom of the combustion chamber. 

Brackish Water ------- ---
Water having a dissolved solids content between that of fresh water and 
that of sea water, generally from 1000 to 10,000 mg per liter. 

Brine 

1 Water saturated with a salt. 
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~Y§ ~~ 

A conductor forming a common junction between two or more electrical 
circuits. A term commonly used in the electric utility industry to 
refer to electric power leaving a station boundary. Bus bar costs would 
ref er to the cost per unit of electrical energy leaving the station. 

£S,Qacit:x: f.S.£12!: 

The ratio of energy actually produced to that which would have been 
produced in the same feriod had the unit b~en operated continuously at 
rated capacity. 

The charged particles in solution of an electroiyte which are positively 
charged. 

Carbou~ Hardness 

Hardness of water caused by the presence of carbonates and bicarbonates 
of calcium and magnesiurr. 

A specific test to measure the amount of oxygen required for the 
complete oxidation of all organic and inorganic matter in a water sample 
which is susceptible to oxidation by a strong chemical oxidant. 

Pumps which deliver cooling water to the condensers of a powerplant. 

A system which conveys cooling water from 
condensers and then to the point of discharge. 
water system. 

its source to the main 
synonymous with cooling 

A process for the removal of suspended matter from a water solution. 

£larif i~!: 

A basin in which -water flows at a low velocity to allow settling of 
suspended matter. 
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Clos~ Circuls;ting ~s~I Sys~ 

A system which passes water through the condensers, then through an 
artificial cooling device, and keeps recycling it. 

£.2Sl Ei~ Qiil!l~~ 

Runoff from the coal ~ile as a result of rainfall. 

Condensate Polisher ---- -------
An ion ~xchang_er used to adsorb minute quantities of cations and anions 
present in condensate as a result of corrosion and erosion of metallic 
surfaces. 

condenser ---
A device for converting a vapor into its liquid phase. 

construction 

Any placement, assembly, or installation of facilities or equipment 
(including contractual obligations to purchase such facilities or 
equipment) at the premises where the equipment will be used, including 
preparation work at tt.e premises.· 

A device for converting a vapor into its liquid phase. 

Convection 

The heat transfer mechanism arising from the motion of a fluid. 

cooling ~il 

A canal in which warm water enters at one end, is cooled_by contact with 
air, and is discharged at the other end. 

Cooling: ~~ 

see Cooling Pond 

Cooling E2!1.Q 

A body of water in which warm water is cooled by contact with air, and· 
is either discharged er returned for reuse. 

Coolillg ~~ 

A configured heat exchange device which transfers reject heat from 
circulating water to the atmosphere. 
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cooli!l9:, Tower Basin 

A basin located at the bottom of a cooling tower for collecting the 
falling water. 

see Circulating Water System 

Corrosion Inhibitor 

A chemical agent which slows down or prohibits a corrosion reaction. 

counter£~ 

A process in which two media flow through a system in opposite 
directions. 

Critical !!Qin:£ 

The temperature and pressure conditions at which the 
and saturated-vapor states of a fluid are identical. 
these conditions are 3208.2 psia and 705.47°F. 

saturated-liquid 
For water-steam 

A generating facility which operates between peak load and base load 
conditions. In this report, a facility operating between 2000 and 6000 
hours per year. 

CyClQ!!~ ~~£.§ 

A water-cooled horizontal cylinder in which fuel is fired, heat- is 
released at extremely high rates, and combustion is completed. The hot 
gases are then ejected into the main furnace. The fuel and combustion 
air enter tangentially, imparting a whirling motion to the burning fuel, 
hence the name Cyclone Furnace. Molten slag forms on the cylinder 
walls, and flows off for removal. 

]2eaerati2!! 

A process by which dissolved air and oxygen are stripped from water 
either by physical or chemical methods. 

Qeaerator 

A device for the remcval of oxygen, carbon dioxide and other gases from 
water. 
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The removal of a gas from a liquid. 

Deionizer 

A process for treating water by removal of cations and anions. 

Demineralizer - -
see Deionizer 

Demister 

A device for trapping liquid entrainment from gas or vapor streams. 

Dewater 

To remove a portion of the water from a sludge or a slurry. 

~ Point 

The temperature of a gas-vapor mixture at which the vapor condenses when 
it is cooled at constant humidity. 

Diesel 

An internal combustion engine in which the temperature at the end of the 
compression is such that combustion is initiated without external 
ignition. 

Discharge 

To release or vent. 

Dischar~ Eipe ~ £Qn.m!jj; 

A section of pipe or conduit from the condenser discharge to the point 
of discharge into receiving waters or cooling device. 

Drift 

Entrained water carried from a cooling device by the exhaust air. 

Dry Bottom Fumace 

Refers to a furnace in which the ash is collected as a dry solid in 
hoppers at the bottom of the furnace, and removed from the furnace in 
this state. 
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DIY ~g,I 

A cooling tower in which the fluid to be cooled flows within a closed 
system. This type of tower usually uses finned or extended surfaces. 

A dry compartment of a pump structure at or below pumping level, where 
pumps are located. 

Economi~ 

A heat exchanger which uses the heat of combustion gases to raise the 
boiler feedwater temperature before the feedwater enters the boiler. 

Electrosi2!ic Precipi:t2:t.2.! 

A device for removing particles from a stream of gas based on the 
principle that these particles carry electrostatic charges and can 
therefore be attracted to an electrode by imposing a potential across 
the stream of gas. 

The process by which a liquid becomes a vapor. 

A device which converts a liquid into a vapor by the addition of heat. 

Feed~~ !!~~ 

Heat exchangers in which boiler feedwater is preheated by steam 
extracted from the turbine. 

Filter ~ 

A device for removing suspended solids from water, consisting of 
granular material placed in horizontal layers and capable of being 
cleaned hydraulically by reversing the direction of the flow. 

Filtrat,!Qn 

The process of passing a liquid through a filtering medium for the 
removal of suspended er colloidal matter. 

Fir~.§ig~ Cleaning 

cleaning of the outside surface of boiler tubes and combustion chamber 
refractories to remove deposits formed during the co~bustion. 
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Floe -
small gelatinous 
coagulant added 
agglomeration. 

Flue Gas ----

masses formed in 
tl:ereto, thru 

a liquid 
biochemical 

by the reaction of a 
processes, or by 

The gaseous products resulting from the combustion process after passag~ 
through the boiler. 

A portion of the ncn-combustible residue from a fuel which is carried 
out of the boiler by the flue gas. 

Fossil ~ 

A natural solid, liquid or gaseous fuel such as coal, petroleum or 
natural gas. 

Generat!Qn 

The conversion of chemical or mechanical energy into electrical energy. 

The fuel heat input (in Joules or BTU) required to generate a KWH. 

!!illinq fil~ 

The heat available from the combustion of a given quantity of fuel as 
determined by a standard calorimetric process. 

Humidit:i 

Pounds of water vapor carried by 1 lb of dry air. 

A charged atom, molecule or radical, the migration of which affects the 
transport of electricity through an electrolyte • 

. Ion Exchang~ 

A chemical process involving reversible interchange of ions between a 
liquid and a solid but no radical change in the structure of the solid. 

Lignite 

A carbonaceous fuel ranked between peat and coal. 

511 



Pumps which provide wat€r to replace that lost by evaporation, seepage, 
and blowdown. 

Mech~nic.a! Draft ~~~ 

A cooling tower in which the air flow through the tower is maintained by 
fans. In forced draft towers the air is forced through the tower by 
fans located at its base, whereas in induced draft towers the air is 
pulled through the tower by fans mounted on top of the tower. 

One thousandth of a dcllar. 

A steam electric powerplant located within a short distance of a coal 
mine and to which the ccal is transported from the mine by a conveyor 
system, slorry pipeline or truck. 

The molecular weight of a substance expressed in grams (or pounds). 

Nfil!!~ Pl~~ 

See Nominal Capacity 

~tu~s!, Draft cooling Tower 

A cooling tower through which air is circulated by a 
natural or chimney effect. A hyperbolic tower is a natural draft tower 
that is hyperbolic in shape. 

Neutralization 

Reaction of acid or alkaline solutions with the opposite reagent until 
the concentrations of hydrogen and hydroxyl ions are about equal. 

Any source, the construction of which is commenced after the publication 
of porposed Section 306 regulations. 

Nominal Capacity 

Name plate - design rating of a plant, or specific piece of equipment. 
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The energy derived from the fission of nuclei of heavy elements such as 
uranium or thorium or from the fusion of the nuclei of light elements 
such as deuterium or tritium. 

once-through Circulasing water system 

A circulating water system which draws water from a natural source, 
passes it through the main condensers and returns it to a natural body 
of water. 

overf lo~ 

(1) Excess water over the normal operating limits disposed of by 
letting it flow out through a device provided for that .purpose; (2) The 
device itself that allows excess water to flow out. 

Qsmosis 

The process of diffusion of a solvent thru a semi-permeable membrane 
from a solution of lo'Wer to one of higher concentration. 

Osmotic Press~ 

The equilibrium pressure differential across a semi-permeable membrane 
which separates a solution of lower from one of higher concentration. 

Oxidation 

The addition of oxygen to a chemical compound, generally, any reaction 
which involves the loss of electrons from an atom. 

Package ~29~ Treatm!!l! .E!sn1 

A sewage treatment facility contained in a small area and generally 
prefabricated in a complete package. 

Packing (Cooling IQ!!~~l 

A media providing large surf ace area for the purpose of enhancing mass 
transfer, usually between a gas or vapor. and a liquid. 

Pree i pi:tll!QD 

A phenomenon that occurs when a substance held in solution in a liquid 
phase passes out of solution into a solid phase. 
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~h~!.fil: jAitl 

A unit used to heat the air needed for combustion by absorbing heat from 
the products of combusticn. 

A scale for expressing the acidity or alkalinity of a solution. 
Mathematically it is the reciprocal of the logarithm of the hydrogen ion 
concentration solution. Neutral water has a pH of 7.0 and hydrogen ion 
concentration of 10-7. 

A generating facility operated only during periods of maximum demand, in 
this report it is a facility operating less than 2000 hours per year. 

A sum to be forfeited, or a loss·due to some action. 

A four-digit number assigned to all powerplants in the industry 
inventory for the purfose of this study.· 

A conspicuous trail of gas or vapor emitted from a cooling tower .or 
chimney. 

Equipment that produces electrical energy, generally by conversion from 
heat energy produced by chemical or nuclear reaction. 

Psychromfilic 

Refers to air-water vapor mixtures and their properties. A 
psychrometric chart graphically displays the relationship between these 
properties. 

Pulverized £Qal 

Coal that has been ground to a powder, usually of a size where 80 
percent passes through a #200 u.s •. s. sieve • 

.flli!!l2 Runout 

The tendency of a centrifugal pump to deliver more than its design .flow 
when the system resistance falls below the design head. 
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gyrites 

combiriaticns of iron and sulfur fourld in coal as Fes1. 

B,adwast~ 

Radioactive waste streams from nuclear powerplants. 

Rang~ 

Difference between entrance and exit temperature of water in a cooling 
tower. 

Ranki~ eye~ 

The thermodynamic cycle which is the basis of the steam-electric 
generating process. 

A classification of coal based upon the fixed carbon on a dry weight 
basis and the heat value. 

RecirculatiQ!! System 

Facilities which are specifically designed to divert the major portion 
of the cooling water discharge back to the cooling water intake. 

RecirculatiQ!l 

Return of cooling water discharge hack to the cooling· water intake. 

Regeneration 

Displacement from ion exchange resins of the ions remo~eµ from the 
process solution. 

Reh eater 

A heat exchange device for adding superheat to steam which has been 
partially expanded in the turbine. 

Relative !J!:!midity 

Ratio of the partial ~ressure of the water vapor to the vapor pressure 
of water at air temperature. 

Reinjection 

To return a flow or pcrtion of flow, into a process. 

515 



Reverse osmos.i§ 

The process of diffusion of a solvent thru a semi-permeable membrane 
from a solution of higher to one of lower concentration, affected by 
raising the pressure of a more concentrated solution to above the 
osmotic pressure. 

A chemical reaction which involves the addition of electrons to an ion 
to decrease its positive valence. 

Water containing salts. 

sampling ~ion§ 

Locations where several flow samples are tapped for analysis. 

Wastewater discharged from sanitary conveniences of dwellings and 
industrial facilities. 

Saturated Ail 

Air in which the water vapor is in equilibrium with the liquid water at 
air temperature. 

Sat ur ate d §.!&SID 

steam at the temperature and pressure at which the liquid and vapor 
phase can exist in equilibrium. 

scale 

Generally insoluble deposits on heat transfer surfaces which inhibit the 
passage of heat through these surfaces. 

ScrubbeI 

A device for removing particles and/or objectionable gases from a stream 
of gas. 

The treatment of sanitary waste water by biological means after primary 
treatment by sedimentation. 
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sedimentation 

The process of subsidence and deposition of suspended matter carried by 
a liquid. 

segu,estering Agents 

Chemical compounds which are added to water systems to prevent the 
formation of scale by holdin~ the insoluble compoWlds in suspension. 

service ~~ Pum~s 

Pumps providing water for auxiliary plant heat exchangers and other 
uses. 

Slag :faR Fuxn.2£~ 

Furnace in which temperature is high enough to maintain ash (slag) in a 
molten state until it leaves the furnace through a tap at the bottom. 
The slag falls into the sluicing water where it cools, disintegrates, 
and is carried away. 

slimici~ 

An agent used to destroy or control slimes. 

Sludge 

Accumulated solids separated from a liquid during processing. 

Softener 

Any device 
mainly to 
resins, and 
magnesium. 

used to remove hardness from water. Hardness in water is due 
calcium and magnesium salts. Natural zeolites, ion exchange 
precipitation processes are used to remove the calcium and 

fjpinning ~~~ 

The power generating reserve connected to the bus bar and ready to take 
load. Normally consists of units operating at less than full load. Gas 
turbines, even though not running, are considered spinning reserve due 
to their quick start up time. 

Sprax Module (Powereg §~ Module> 

A water cooling device consisting of a pump and spray nozzle or nozzles 
mounted on floats and moored in the body of water to be cooled. Heat is 
transfered principally by evaporati.on from the water drops as they fall 
through the air. 
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A plant comprising one or several units for the generation of power. 

vessel in which the saturated steam is separated from the steam-water 
mixture and into which the feedwater is introduced. 

2Yl2~illi.9! 

Refers to boilers designed to operate at or above the critical point of 
water 22,100 kN/mz and 374.ooc, (3206.2 psia and 705.4°F). 

2Yl2~~s~ ~SID 

Steam which has been teated to a temperature above that corresponding to 
saturation at a specific pressure. 

Ihermal ~i£~ll£~ 

The efficiency of the thermodynamic cycle in producing work from heat. 
The ratio of usable energy to heat input expressed as percent. 

Thi~i.ng 

Process of increasing the solids content of sludge. 

Total Q:tnamic Hlli Jilllil 

Total energy provided by a pump consisting of the difference in 
elevation between the suction and discharge levels, plus losses due to 
unrecovered velocity heads and friction. 

Tur bi di~~ 

Presence of suspended matter such as organic or inorganic material, 
plankton or other microscopic organisms which reduce the clarity of the 
water. 

A device used to convert the energy of steam or gas into rotational 
mechanical energy and used as prime mover to drive electric generators. 
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Unit -
In steam electric generation, the basic system for power generation 
consisting of a boiler and its associated turbine and generator with the 
required auxiliary equipment. 

Utili:t:i 

(PUblic utility) A corrpany, either investor-owned or publicly owned 
which provides service to the public in general. The electric utilities 
generate and distribute electric power. 

Volatil~ ~mbustion ~s;tter 

The relatively light components in a fuel which readily vaporize at a 
relatively low temperature and which when combined or reacted with 
oxygen, give out light and heat. 

~ §Qtt.2!!! Furnace 

see slag-tap furnace. 

~ Bulb ~!!!l?erature 

The steady-state, nonequilibrium temperature reached by a small mass of 
water immersed \D'lder adiabatic conditions in a continuous stream of air. 

Wet scrubbe~ 

A device for the collection of particulate matter from a gas stream 
and/or absorption of noxious gases from the stream. 

zeolite 

Complex sodium aluminum silicate materials, which have ion exchange 
properties and were the original ion exchange materials before synthetic 
resins were processed. 
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APPENDIX 1 



INVENTORY NOTES 

1. Unless otherwise noted, the generating capacity given 

is the installed capacity based on Federal Power 

Commission data of June 30, 1970, updated to Janu-

ary 1, 1972 through the Electrical World Directory of 

Electric Utilities, 1972-1973, published by McGraw-Hill, 

Inc. 

2. Plants under construction are indicated by (*)! 

3. Plant types indicated are as follows: 

F - Fossil fuel plant 

N - Nuclear plant 

G - Gas turbine unit within a fossil fuel plant 

4. unless otnerwise indicated 60 Hz is the frequency of 

electricity generated. 



EPA REGION I 

Region: Connecticut, Maine, Massachusetts 
New Hampshire, Rhode Island, Vermont 

Region Office: Boston, Massachusetts 

Utility 

Conn. Light & Power 
Company 

Conn. Yankee 
Atomic Power Co. 

Hartford Electric 
Light Company 

CONNECTICUT 

Plant 

Devon 

Montville 
Norwalk Harbor 

Millstone Point 

Conn. Yankee Atomic 

Middletown 

Stamford 
South Meadow 
Millstone No. 2 

Norwich Department Norwich 
Of Pub. Utilities 

United Illuminating English Plant 
Company Steel Point 

Bridgeport Harbor 

U. S. Navy 

Wallingford 
Electric Div. 

Derby Station 

New London Sub. Base 

Alfred L. Pierce 

Al-1 

Location 

Milford 

Montville 
Norwalk 

Waterford 

Haddam 

Middletown 

. 
Stamford 
Hartford 
Waterford 

Norwich 

New Haven 
Bridgeport 
Bridgeport 

Derby 

New London 

Wallingford 

Gen.Capacity 
(MW) 

454 
16.3 

577.4 
326.4 

16.3 
661.5 

600.0 

422 
18.6 
52.5 

216.8 
180 
828 

14. 3 

163.2 
174 .5 
660.5 
18.6 
20.0 

10 .5 

22.5 

F 

G 

F 

F 

G 

N 

N 

F 

G 

F 

F 

G 

N 

F 

F 

F 

F 

G 

F 

F 

F 



Utility 

Public Service Co. 

of New Hampshire 

/ 

Utility 

Blackstone Valley 
Electric Co. 

The Narragansett 

Electric Co. 

Newport Electric 
Corp 

u. s. Navy 

EPA REGION I 

NEW HAMPSHIRE 

Plant 

Daniel Street 

Kelley Falls 
Manchester Steam 

Merrimack 

Schiller 

RHODE ISLAND 

Plant 

Pawtucket 

South Street 

Manchester Street 

Newport 

Quonset Point 

VERMONT 

Utility Plant 

Burlington Electric J. Edward Moran 

Light Dept. 

Central Vermont Milton Steam 

Public Service Co. Rutland 

Vermont Yankee Vermont Yankee 

Nuclear Power Corp. 

Al-2 

Gen.Capacity 

Location (MW) Type 

Portsmouth 21 F 

Manchester 18.8 F 
Manchester 20 F 

Bow 459 F 
Portsmouth 37.2 G 

178.8 F 

Gen.Capacity 
Location (MW) Type 

Pawtucket 33.5 F 

Providence 188.6 F 
Providenc·e 132 F 

Newport 11.0 F 

5.0 F 

Gen.Capacity 
Location (MW) Type 

Burlington 30 F 
28 G 

St. Albans 4.0 F 

31.2 F 

Vernon 513 N 



utility 

Bangor Hydro Electric 
Company 

Central Maine Power 
Company 

Maine Public 
Service Co. 

Maine Yankee 
Atomic Power Co. 

u. s. Navy 

Utility 

Boston Edison Co. 

Braintree Electric 
Light Dept. 

Brockton Edison co. 

Cambridge Electric 
Light Company 

Canal Electric co. 

EPA REGION I 

MAINE 

Gen.Capacity 
Plant Location (MW) 

Graham Bangor 57.5 
12.0 

Cape South Portland 22.5 
Mason Wiscasset 146.5 
w. F. Wyman Yarmouth 213.6 

Caribou caribou 19 

Bailey Point No. 1 855* 

Kittery 7 
4.3 

MASSACHUSETTS 

Plant Location 
Gen.Capacity 

(MW) 

New Boston Sta.No. 400 South Boston 
L Street Sta. No. 4 South Boston 

717. 75 
153. 75 
18.6 

457.9 
33.5 

618.8 
16.8 
33.5 

650* 

Edgar Station No. 75 

Mystic Sta. No. 200 

Leland St.Sta.No. 240 
Pilgrim 

Allen street 
N.P. Potter 

East Bridgewater 

Blackstone Street 
Kendell Square 

canal 

Al-3 

N. Weymouth 

Everett 

Framingham 

Braintree 21.0 
Braintree 12.5 

East Bridgewater 20 

Cambridge 24.8 
Cambridge 67.5 

sandwich 542.5 

Type 

F 

G 

F 

F 

F 

F 

N 

F 
F 

F 

F -
G 

F 

G 

F 

F 

F 

N 

F 

F 

F 

F 

F 

F 



Utility 

Fall River Electric 

Light Company 

Fitchburg Gas & 
Electric Light Co. 

Holyoke Munic. Gas 

& Electric Dept. 

Holyoke Water Power Co. 

Mass. Bay Trans. 

Authority 

Mass. Electric Co. 

Montaup Electric Co. 

New Bedford Gas & 
Edison Light Co. 

New England Power Co. 

Taunton Municipal 

Lighting Plant 

U. S. Navy 

Western Massachusetts 
Electric Co. 

Yankee Atomic 

Electric Co. 

EPA REGION I 

MASSACHUSETTS (continued) 

Plant Location 

Hathaway Street Fall River 

Sawyer Passway Fitchburg 

Gen.Capacity 

MW 

14.3 

61.4 

Holyoke Holyoke 30 

10 

Mt. Tom Power Plt. Holyoke 136 

44.8 Riverside Station 

South Boston 

Lincoln 

Webster Street 

Lynnway 

Somerset Station 

cannon Street 

,Salem Harbor 

Brayton Point 

Westwater Street 

B. F. Cleary 

Boston Navy Yard 

West Springfield 

Yankee Atomic 

Al-4 

Holyoke 

Worcester 

Lynn 

Fall River 

New Bedford 

Salem 

Somerset 

Taunton 

Taunton 

120 

60 

34.5 

49.0 

344 
48 

115.5 

319.9 

1124.7 

49 

28.3 

22 

West Springfield 209.6 

18.6 

Rowe 185 

F 

F 

F 

G 

F 

F 

F 

F 

F 

F 

F 

G 

F 

F 

F 

F 

F 

F 

F 
G 

N 



EPA REGION II 

Region: New Jersey, New York, Puerto Rico, virgin Islands 

Region Office: New York, New York 

NEW JERSEY 

Utility Plant 

Atlantic City Elec. Co. Missouri Ave. 

Jersey Central Power 
& Light Company 

New Jersey Power & 
Light Company 

Public Service Elec. 
& Gas Company 

Vineland Electric 
Utility 

Deepwater 

Greenwich 
B.L. England 

E. H. Werner 
Sayreville 
Oyster Creek 

Gilbert 

Bergen 

Burlington 
Essex 

Hudson 

Kearny 

Linden 

Marion 
Mercer 

Sewaren 

Salem 1 
Salem 2 

Vineland 

Al-5 

Location 

Atlantic City 

Penns Grove 

Gibbs town 
Beesleys Pt. 

South Amboy 
Sayreville 
Lacey Township 

Milford 

Ridgefield 

Burlington 
Newark 

Jersey City 

Kearny 

Linden 

Jersey City 
Hamilton 

Sewaren 

Vineland 

Gen. Capacity 
MW 

50 
55.8 

308.3 
18.6 
10 

299.2 

116.3 
343.8 
640 

126.l 

640.4 
18.6 

490 .5 
329 
417 

1114 .5 
115.2 
598.5 
311.2 

519.4 
113.8 
125 
652.8 
115 .2 
820 
115 .2 

1090* 
1115* 

67 .3 

F 

G 

F 

G 

F 

F 

F 

F 

N 

F 

F 

G 

F 

F 

G 

F 

G 

F 

F 

F 

G 

F 

F 

G 

F 

G 

N 
N 

F 



EPA REGION II 

Utility 

Central Hudson Gas & 
Electric Corp. 

Consolidated Edison 
Co. of N. Y., Inc. 

Consolidated Edison 
Co. of N. Y. 

Jamestown Board of 
Public Utilities 

Lawrence Park 

NEW YORK 

Plant 

oanskammer Point 

Riverside 

Arthur Kill 

Astoria 

East River 

Hell Gate 

Hud::;on Ave. 

Indian Point 

Kent Avenue 

Ravenswood 

Sherman Creek 
waterside # 1 & 2 

74th Street 

59th Street 

Samuel A. Carlson 

Heat, Light & Power co. Lawrence Park 

Al-6 

Location 

Rose ton 

Poughkeepsie 

New York 

Queen 

New York 

New York 

Brooklyn 

New York 

Brooklyn 

New York 

New York 
New York 

New York 

New York 

Jamestown 

Lawrence Park 

Gen. capacity 
MW 

531.9 
5.5 

12 

911. 7 

16.3 
1550.6 

496 
119 .8 

773. 7 

60 
541.3 

70 

845 
846 
275 

2138* 
107.5 

28 
1827.7 

481.8 
216.5 
140 
572 .3 

14 
125 
144 

37.2 
184.5 

34.2 

82.5 

1.1 

F 

G 

F 

F 

G 

F 

G 

G 

F 

F 25 Hz 

F 

F 25 Hz 

F 

G 

N 

N 

F 25 Hz 

G 

F 

G 

F 

F 25 Hz 

F 

G 

F 25 Hz 

F 

G 

F 25 Hz 

G 

F 

F 



EPA REGION II 

NEW YORK (continued} 

Gen. Capacity 
Utility Plant Location MW ~ 

Long Island Lighting Co. E. F. Barret Island Park 375 F 

258 G 

Glenwood Glenwood Landing 403 F 
Port Jefferson Port Jefferson 467 F 

16 G 
Far Rockaway Far Rockaway 113.6 F 
Northport Northport 774.2 F 

387.0* F 
16 G 

New York State Elec. 
& Gas Corporation Goudey Johnson City 145.8 F 

30.0 F 
Greenridge Dresden 160 F 
Jennison Bainbridge 60 F 
Hickling East Corning 70 F 
Milliken .Ludlowville 270 F 
Bell Near Ludlowville 853* N 

Niagara Mohawk Power Corp. Albany Albany 400 F 
155 G 

Charles L. 
Huntley Buffalo 828 F 

0.7 G 

Dunkirk Dunkirk 628 F 

Nine Mile Point Oswego 642 N 
5.7 G 

Oswego Oswego 376 F 
0.7 G 

Orange & Rockland 
Utilities Inc. Lovett Tomkins Cove 489.5 F 

Bowlin Near New Milford 1246* F 

Power Authority 
State of N. Y. J.A. Fitzpatrick Oswego 800c* N 

Al-7 



Utility 

Rochester Gas & Elec. 
Corp. 

U.S. Military Academy 
(Light & Power Plant) 

Utility 

Puerto Rico Water 
Resources Auth. 

U.S. Navy 

Utility 

Vir<J·in Island water 
Power Authority 

& 

EPA REGION II 

NEW YORK (continued) 

Gen. Capacity 
Plant Location MW 

Rochester #3 Rochester 206.2 

18.0 
Rochester #7 Greece 252.6 
Rochester #8 Rochester 8 
Rochester #9 Rochester 3 
Rochester #12 Ontario 420 
Ginna R.G. Rochester 517 .1 

Light Power 
U.S. Military 
Academy 

West Point,N.Y. 4.5 

PUERTO RICO 

Plant · Location 

San Juan San Juan 

South Coast Guayanilla 

Palo Seco cat a no 

Ceiba Ceiba 

VIRGIN IS LANDS 

Plant Location 

St. Thomas/ Virgin Island 
St Johns 

St. Croix Virgin Island 

Al-8 

Gen. Capacity 
MW 

640 
30 

287.5 

10 

820* 

40 

657 

30 

8 

Gen. Capacity 
MW 

29.2 

15 .1 

25.5 
18 

~ 

F 

G 

F 

F 

F 

N 

F 

F 

G 
F 

G 
F 

G 
F 

G 

F 

Type 

F 

G 
F 

G 



EPA REGION III 

Region: Delaware, Maryland, Pennsylvania, Virginia 
West Virginia, District of Columbia 

Region Office: 

Utility 

Delmarva Power & Light Co. 

Dover Munic. Power Plant 

Utility 

Baltimore Gas & Elec. 

Delmarva Power & Light 
Co. of Maryland 

Co. 

Philadelphia, Pennsylvania 

DELAWARE 

Plant Location 

Delaware City Delaware City 

Indian River Millsboro 

Edge Moore Edge Moore 

McKee Runn Dover 
St. Jones River Dover 

MARYLAND 

Plant Location 

Westport Baltimore 

Gould Street Baltimore 
Pratt Street Baltimore 
Riverside Baltimore 

Wagner, Herbert, A . Baltimore 

crane P- Charles Baltimore 
Calvert Cliffs Nr. Annapolis 

Vienna Vienna 

Gen. Capacity 
MW 

130 
18.6 

330.2 

18.6 
389.8 

15 

378* 

37.5 

8.8 

Gen. Capacity 
MW 

194 

121.5 
173 .5 

20 

333.5 

173 .5 

627.8 
16 

414. 7* 

399.8 

16 
1804* 

244.5 

~ 

F 

G 
F 

G 
F 

G 
F 

F 

F 

Type 

F 

G 
F 

F 

F 

G 
F 

G 
F 

F 

G 
N 

F 

18.6 G 

Hagerstown Munic. Elec. 
and Liqht Plant Hagerstown 

Al-9 

Hagerstown 38.8 F 



Utility 

The Potomac Edison Co. 

Potomac ~lee. Power Co. 

/ 

Utility 

Chambersburg Municipal 
Electric Dept. 

Duguesne Light Co. 

Lansdale Elec. Dept. 

Metropolitan Edison Co. 

EPA REGION III 

MARYLAND (continued) 

Plant 

Smith, R • Paul 
Cumberland 
Celanese 

Dickerson 

Chalkpoint 

Morgantown 

PENNSYLVANIA 

Plant 

Chambersburg 

Elrama 
Frank R. Phillips 
James H. Reed 
Colfax 
Shippingport 
Cheswick 

Lansdale 

Portland 

Titus 

c+awford 
Eyler 
Three Mile Island 

Al-:io 

Location 

Williamsport 
Cumberland 
Amcella 

Dickerson 

Aquas co 

Newburg 

Location 

Chambersburg 

Elrama 
Wireton 
Pittsburg 
Cheswick 
Shippingport 
Springqale 

Lansdale 

Portland 

Reading 

Middletown 
:B.eading 
Nr. Har:r isburg 

Gen. Capacity 

MW ~ 

159.5 F 
30 F 

10 

586.5 
16.2 

726.6 
16.l 

1146 

35.8 

Gen. Capacity 

F 

F 

G 

F 

G 

F 

G 

MW ~ 

15 F 

525 F 
411.2 F 

180 F 
262.5 F 
100 N 

525 F 

24 .5 F 

11.3 G 

426.7 F 
37.6 G 

225 
18 

116.8 

84 

1780* 

F 

G 

F 

F 
N, 



EPA REGION III 

PENNSYLVANIA (continued) 

Gen. Capacity 
Utility Plant Location MW Type 

Pennsylvania Power Co. New Castle West Pittsburgh 425.8 F 

Pennsylvania Power & 

Light Co. Burner Island York Haven 1577. 7 F 

1064* F 

Holt wood Holt wood 105 F 

Keystone Plant Schelocta 1872 F 

Martins Creek Martins Creek 312 .5 F 

5 G 
Stanton Harding 140 .5 F 

Sunbury Shamokin Dam 409.8 F 

6.0 G 
Suburban 29.3 F 

Montour Washingtonville 822.7* F 

Philadelphia Elec. Co. Schuylkill Philadelphia so.a F 25 Hz 
275.4 F 

18.6 G 
Chester Chester 256 F 

55.8 G 
Delaware Philadelphia 439.3 F 

76.2 G 
Richmond Philadelphia 594.0 F 

487.2 G 

Philadelphia Elec. Co. Barbadoes Norristown 155 F 

65.4 G 
Southwark Philadelphia 345 F 

74.4 G 
Cromby Phoenixville 417 .5 F 

275 G 
Eddystone Eddystone 707.2 F 

37.2 G 
Peach Bottom 1 Delta 40 N 
Peach Bottom 2 18~~~3 * N 
Peach Bottom 3 N 

Limerick 1 Philadelphia 1065* N 

Limerick 2 1065* N 

U.G.I. Corporation Hunlock Creek Hunlock 93.0 F 

Al-11 



EPA REGION III 

PENNSYLVANIA (continued) 

Utility 

Pennsylvania Elec. co. 

Pennsylvania State uni. 

Quakertown Mun. System 

Plant 

Shawville 
Seward 
warren 
Front Street 
Saxton 
W il 1 iamsburg 
Homer City 
Conemaugh 

Central 

Generating plant 

Saxton Experimental Corp. Saxton 

Weatherly Borough 
Elec. Dept. 

West Penn Power Co. 

Utility 

Appalachian Power Co. 

The Potomac Edison Co. 
of Virginia 

Weatherly 

Springdale 
Mitchell 
Armstrong 
Milesburg 
Hartfield' s Ferry 

VIRGINIA 

Plant 

Glen Lyn 
Clinch River 

Riverton 

Virginia Elec. & Power Co. Bremo 
Chesterfield 
Portsmouth 

Al-12 

Location 

Shawville 
Seward 
warren 
Erie 
Saxton 
Williamsburg 
Homer City 

Gen. Capacity 
MW 

640 

268.3 

7 3 .4 

ll8.8 
30 

39 
1320 

936 

936* 

University Park 7.5 

Quakertown 

Weatherly 

Springdale 
Courtney 
Reesedale 
Milesburg 
Mansontown 

Location 

Glen Lyn 
Cleveland 

Riverton 

Bremo Bluff 
Chester 
Norfolk 

9.9 

10 

1.5 

416 
448.7 
326.4 

46 

576 

1000* 

Gen. Capacity 
MW 

401.1 

669 

34.5 

284.3 
1434.5 

649.6 

195.4 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

N 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

G 



EPA REGION III 

VIRGINIA (continued) 

Utility Plant Location 

Virginia Elec. & Power Co. Possum Point Dumfries 

Danville Water,Gas & 
Electric Dept. 

Virginia Polytechnic 
Heat & Power Plant 

Reeves Ave. 
12th Street 

Yorktown 

Surry 

North Anna 

Brantley Steam St. 

VPI Central Heat 

Potomac Electric Power Co. Potomac River 

U. S. Navy Portsmouth 

Davi (MUN) Brantley 

Norfolk 
Richmond 
Hornsbyville 

Nr. Richmond 

Alexandria 

WEST VIRGINIA 

Utility 

Monongahela Power Co. 

Appalachian Power Co. 

Ohio Power Co. 

* under construction 

Plant 

Albright 
Rivers ville 
Willow Island 
Fort Martin 
Harrison 

Kanahwa River 
cabin creek 
Philip Sporn 
John Amos 

Krammer 
Windsor 
Mitchell 

A].-13 

Location 

Albright 
Rivers ville 
Willow Island 
Maids ville 
Shinnston 

Glasgow 
Cabin Creek 
New Haven 
Winfield 

Captina 
Power 
Captina 

Gen. Capacity 
MW Type 

491 

96 
100 

102.5 

375 

845* 
1600* 

1750* 

29.0 

1.8 

514 .8 

27 

29 

Gen. Capacity 
MW 

263 

174.8 

215 

ll52 
1950* 

426 

273.6 

1960 
2950 

675 

300 
1600 

F 

G 

F 

F 

F 

F 

N 

N 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 



EPA REGION III 

WEST VIRGINIA (continued) 

Gen. Capacity 

Utility Plant Location MW Type 

Virginia Elec. & Power Co. Mount Storm Mount Storm 1140.5 F 

18.6 G 
555* ·F 

DISTRICT OF COLUMBIA 

Gen. Capacity 

Utility Plant Location MW Type 

Potomac Elec. Power Co. Benning Washington 553.6 F 
289* 

50 F 25 Hz 
Buzzard Point Washington 270 F 

288 G 

Al-14 



EPA REGION IV 

Region: Alabama, Florida, Georgia, Kentucky, Mississippi, 
North Carolina, South Carolina, Tennessee 

Region Office: Atlanta, Georgiq 

Utili1:y 

Alabama Elec.Coop.,Inc. 

Alabama Power Co. 

Southern Elec.Gen. co. 

Tennesee Valley Auth. 

Utility 

Florida Pwr • & Light Co. 

ALABAMA 

Plant 

McWilliams 

Tombigee 

Barry 

Chickasaw 
Gorgas 
Gadsden 1 & 2 
Green County 
Farley Unit 1 

Farley Unit 2 

Gaston c. Ernest 

Colbert 
Widows Creek 
Brown' s Ferry 

FIDRIDA 

Plant 

Sanford 
Palatka 
Fort Myers 
Port Everglades 
La~derdale 

Riviera 
Miami 
cutler 
cape Kennedy 
Turkey Point 
Turkey Point, 3 & 

Hutchinson Island 
Fort Pierce 

Al-15 

4 

Location 

Andalusia 

Leroy 

Bucks 

Chickasaw 
Gorgas 

Gen.capacity 
MW 

40 
11.05 
75 

1770 

Gadsden 
Demopolis 
Nr.Cedar Springs 

60 
138 

756 
138 

568.5 
820* 
820* II II II 

Wilsonville 

PriQ.e 
Bridgeport 
Near·Decatur 

Location 

Sanford 
Pplatka 
Fort Myers 
Port Everglades 
Dania 
Riviera 
Miami 
cutler 
Cape Kennedy 
Florida City 
Nr. Miami 
Hutchinson Is. 
Fort Pierce 

·1060 .8 
850 

21.3 

1396.5 
1978 
3456* 

Gen.Capacity 
MW 

156.3 
109.5 
558.3 

1254.6 
312.5 
739.6 
4~ 

346.3 
804 
817.5 

1456.6* 
892.5* 

1500* 

F 

G 

F 

F 

G 

F 

F 

F 

F 

N 

N 

F 

F 

G 

F 

F 

N 

~ 

F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
N 
N 
N 



Utility 

Florida Power Corp. 

Florida Public Utiilites 

Gulf Power Co. 

Tampa Elec. Co. 

Gainsville Utilities 

Jacksonville Elec. Auth. 

EPA REGION IV 

FLORIDA (continued) 

Plant 

Bayboro 
Paul L. Bartow 

Higgins 

Inglis 
Suwannee River 
Avon Park 
George E. Turner 

Crystal River 
Port St. Joe 
Rio Pinar 
Anclote 

Marianna 

Crist 

Lansing Smith 

Scholz 

Big Bend 

Hookers Point 
Francis J. Gannon 

Peter o. Knight 

John R. Kelly 

DeErhaven 

J. Dillon Kennedy 

Northside 

Southside 

Al-.16 

Gen. Capacity 
Location MW -------
St. Petersburg 51.3 

St. Petersburg 

Oldsmar 

Inglis 
Live Oak 
Avon Park 
Enterprise 

Red Level 
Port St. Joe 
Rio Pinar 
Tarpon Springs 

Marianna 

Pennsecola 

Pannama City 

Chattahoochee 

Tampa 

Tampa 
Tampa 

Tampa 

Gains ville 

Hague 

Jacksonville 

Jacksonville 

Jacksonville 

494.4 

138 
131.9 
53.8 

147 
61 

201.6 
34 

. 964. 3 
40.5 

15 
886* 

2.0 

651 

578* 
340 

40 
98 

869.2 
18 

232.6 
1270.4 

18 
60 

99 
43.5 
81 

356.6 

40 
560 

32.9 
356.6 

34 

F 

F 

G 

F 

G 

F 

F 

F 

F 

F 

F 

F 

N 

F 

F 

F 

F 

G 

F 

F 

G 

F 

F 

G 

F 

F 

G 

F 

F 

G 

F 

G 

F 

G 



Utility 

Key West Utility Board 

Lakeland Dept. of Elec. 
& water Utilities 

EPA REGION IV 

FLORIDA (continued) 

Plant Location 

City Elect. System Key West 

Larsen Memorial 

Power Plant #3 
Lake Mirror 

Lakeland 

Lakeland 
Lakeland 

Gen. Capacity 
MW 

70 

120 
33.8 
90 
10 

New Smyrna Utilities Swoope New Smyrna .Beach 7.5 

Tallahassee Elec. Dept. s. o. Purdom St. Marks 

Aruah B. Hopkins Tallahassee 

Vero Beach Mun. Utilities Vero Beach Vero Beach 

Orlando Utilities Conun. Orlando Titusville 

Lake Highland Orlando 

GEORGIA 

Utility Plant Location 

Georgia Power Co. Arkwright Macon 

Atkinson Smyrna 

Bowen catersville 

Hammond Coosa 
Harlee Branch Milledgeville 

Jack McDonough Smyrna 

McManus Brunswick 

Mitchell Albany 

Al-17 

l,30 
25 
80.9 
17 .o 

62 

294.3 
317* 

103 .8 

Gen. Capacity 
MW 

181.3 
32.6 

258 
83.7 

771.6 
39.4 

953 
1539. 7 r . 

' ' 

598.4 
80 

143 .8 
159 
218.3 

F 

F 

G 

F 

F 

F 

F 

H 

F 

G 

F 

F 

F 

F 

~ 

F 
G 
F 

G 
F 
G 
F 

F 
F 
G 
F 
G 
F 



EPA REGION IV 

GEORGIA (continued) 

Gen. Capacity 

Utility Plant Location MW Type 

Georgia Power Co. Yates Newman 680 F 

Etowah 2470* F 

40 G 
Hatch. Nr. Jessup 1701* N 
Wansley 1760* F 

Savannah Elec. & Power Co. Riverside Savannah 111 F 
Port Wentworth Port Wentworth 207.9 F 

/ ·21.6 G 
120.3 F 

Effingham Nr. Guyton 158* F 

Thomasville Water & Light Thomasville Thomasville 15.5 F 

Crisp Co. Power Comm. Crisp Warwick 10.0 F 

KENTUCKY 
Gen. Capacity 

Utility Plant Location MW Type 

Kentucky Utilities Co. Green River Central City 236.7 F 
Tyrone Versailles 137 .5 F 
E. w. Brown Burgin 724.1 F 
Pieneville Four Mile 37.5 F 
Ghent Nr. Madison 500 F 
Haef ling Lexington 51 F 

Louisville Gas & Elec. Co. canal ·Louisville 50 F 
Cane Run Louisville 1016.7 F 

16.3 G 
Paddy's Run Louisville 33'Z.5 F 

48.5 G 
Millcreek Louisville 642.2* F 

Owensboro Mun. Utilities Owensboro Owensboro 52.5 F 

Elmer Smith Owensboro 151 F 

265 F 

Al...,18 



Utility 

Henderson Mun. Light 

Big River Rural Elec. 

E. Kentucky Rural Elec. 

· · Tennessee Valley Auth. 

Kentucky Power Co. 

Utility 

Mississippi Power & Light 

Greenwood Utilities 

Yazoo City - Public 
Service Commission 

South Mississippi Elec. 
Power Association 

Clarksdale Public Utility 
Connniss ion 

EPA REGION IV 

KENTUCKY (continued) 

Plant Location 

Henderson Henderson 

Robert Reid Sabree 
Coleman Hanes ville 

Wm. c. Dale Ford 
Cooper John Sherman Burnside 
Ohio River Near Boone 

Paradise Paradise 
Shawnee Paducah 

Big sandy Louisa 

MISSISSIPPI 

Plant Location 

Rex Brown Jackson 

Delta Cleveland 
Natchez Natchez 
Baxter Wilson Vicksburg 

Wright Greenwood 
Henderson Greenwood 

Yazoo City Yazoo City 

Moselle Hattiesburg 

Clarksdale Clarksdale 

AJ.-19 

Gen. Capacity 
MW 

50.6 
2 

80 
340 
160 
196 
322 
450* 

2558.2 
1750 

1003 

Gen. Capacity 
MW 

383.2 
10 

220.5 
66 

544.6 
700 

23.5 
12 .6 
11.5 

19 
12.5 

177 

29.5 
14.3 

~ 

F 

G 

F 

F 

G 
F 

F 

F 

F 

F 

F 

Type 

F 

G 
F 

F 

F 

F 

F 

F 

G 

F 
G 

F 

F 

G 



Utility 

Carolina Power & Light 

Duke Power Co. 

EPA REGION IV 

NORTFl CAROLINA 

Plant Location 

Cape Fear Moncure 

H. F. Lee Goldsboro 

w. H. Weatherspoon Lumberton 

Louis v. Sutton Wilmington 

Asheville Asheville 

Gen. Capacity 

MW 

421 

72 

402.5 

16.3 

89.9 

165.5 

79 .5 

225 

91.3 

420* 

206.6 

200.0 

Roxboro Roxboro 10 6 7 . 8 

Brunswick 

Riverbend 

Buck 

Dan River 

Cliffside 

Allen 

Marshall 

Belews Creek 

McGuire 

Al-20 

720* 

16.3 

Tranquil Harbor 1642* 

Mount Holly 

Spencer 

Draper 

Cliffside 

Belmont 

Terrell 

631 
120 

440 

112 .5 
290 

85 
210 

570* 

1155 
200 

Near Greensboro 2160* 

Near Mooresville 2300* 

F 

G 

F 

G 

G 

F 

G 

F 

G 

F 

F 

F 

F 

F 

G 

N 

F 

G 

F 

G 

F 

G 

F 

F 

F 

F 

F 

N 



Utility 

Lockhart Power Co. 

South C~rolina Elec. & 
Gas Co. 

So. Carolina Public 
Service Authority 

Duke Power Co . 

Greenwood Mills 

carolina Power & Light 

EPA REGION IV 

SOUTH CAROLINA 

Plant Location 

Lockhart Lockhart 

McMeekin Irmo 
Hagood Charleston 
Canadys Canady 

Urquhart Beech Island 

Parr Parr 

wateree Wateree 

Gen. Capacity 
MW 

5 

293.8 
94.4 

489.6 

16. 3 

34.5 
250 

75.8 

72 .5 
74 

700 
Buahy Park Nr. Moncks Corner 550* 

60 

Jefferies Moncks Corner 272.8 

172.8 

Grainger Conway 163.2 

Lee Pelzer 345 

90 

Tiger Duncan ~o.o 

Buzzard Roost Chappels 16.l 

196 

Melhews No. 1 Greenwood 25 

Melhews No. 2 Greenwood 32.5 

H. B. Robinson Hartsville 206 

21.3 

700 
Brunswick 1 & 2 Wilmington 1641* 

Al-21 

F 

F 

F 

F 

G 
G 
F 

G 
F 

G 
F 

F 

G 

F 

F 

F 

F 

G 
F 

F 

G 

F 

F 

F 

G 

N 
N 



Utility 

Tennessee Valley Auth. 

EPA REGION IV 

TENNESSEE 

Plant 

Thomas H. Allen 

Bull Run 

Gallatin 

Location 

Memphis 

Clinton 

Gallatin 

Rogersville 

Gen. Capacity 

Mw 

990 
950 

1255.2 
823.3 John Sevier 

Johhsonville 

Kingston 

New Johnsonville 1485.2 

waits Bar 

Cumberland. 

Seguoyah 

Al-22 

Kingston 

Walts Bar Dam 
Cumberland 

Daisy 

1700 

- 240 
2600* 
2441.2* 

~ 

F 

F 

F 

F 

F 

:F 
F 

F 

N 



EPA REGION V 

Region: Illinois, Indiana, Michigan, Minnesota, Ohio, Wisconsin 

Region Office: Chicago, Illinois 

Utility 

Central Ill. Light co. 

Central Illinois Public 
Service Co. 

Conunonwealth Edison Co. 

ILLINOIS 

Plant 

R. s. Wallace 
Liberty Street 
E. D. Edwards 

Keystone 

Coffeen 

Grand Tower 
Hutsonville 
Meredosia 

Ridgeland 
Powerton 

Joliet 

Fisk 

Dresden Nuclear 
Dresden #2. & 3 

Ford om 
Crawford 

Calumet 

Waukegan 

Dixon 
Will County 
Sabrooke 

Al-23 

#l 

Gen. Capacity 
Location MW 

East Peoria 351.4 
Peoria 25 
South of Peoria 416 

350* 
Bartonville 54.4 

Coffeen 389 
600* 

Grand Tower 232.66 
Hutsonville 212 .5 
Meredosia 354.4 

Stickney 690 
Pekin 315 

840* 
Joliet 1862 

144 
Chicago 546.6 

25 
226.l 

Morris 208 
Morris 1620 
Rockford 75.3 
Chicago 701.5 

192 
Chicago 174 

292 
Waukegan 1042 

113 
Dixon 119 
Joliet 1258.9 
Rockford 196.4 

148 

Type 

F 
F 
F 
F 
F 

F 
F 
F 
F 
F 

F 
F 
F 
F 
G 
F 
F 
G 
N 
N 
F 
F 
G 
F 
G 
F 
G 
F 
F 
F 
G 



Utility 

Commonwealth Edison Co. 

Electric Energy, Inc. 

Illinois Power Co. 

Mt. Carmel Public 

Utility Co. 

Carlyle Municipal 

Utilities 

Highland Electric 

Light Dept. 

Mascoutah Munic. Light 

& Water Dept. 

McLeansboro Munic. Light 

& Power Plant 

Rochelle Municipal 

Utilities 

Springfield Water, 

Light & Power Dept. 

EPA REGION V 

ILLINOIS (continued) 

Plant 

Kincaid 

Quad Cities 

Zion 

LaSalle County 

Joppa 

Havana 

Hennepin 

Vermilion 

Wood River 

Baldwin 

Mt. Carmel 

Carlyle 

Highland 

Mascoutah 

McLeansboro 

Rochelle 

Lakeside 

Dallman 

Al-24 

Location 

Kincaid 

Near Albany 

Waukegan 

Seneca 

Elen 

Havana 

Hennepin 

Oakwood 

East Alton 

Baldwin 

Mt. Carmel 

Carlyle 

Highland 

Mascoutah 

McLeansboro 

Rochelle 

Springfield 

Springfield 

Gen. Capacity 

MW 

1319.4 

1618* 
2100* 

1156* 
1078* 

1100 

. 230 

306.3 
182.3 
15.0 

650 
623 

1246.l* 

20.5 

3 

12.5 

1 

0.75 

12.5 

155 
70.2 

F 

N 

N 

N 
N 

F 

F 

F 

F 

G 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 



Utility 

Winnetka Municipal 
Electric & water Dept. 

southern Illinois 
Power Cooperative 

Western Illinois Power 
Cooperative, Inc. 

University of Illinois 

Union Electric Co. 

Peru Light Dept. 

Iowa-Illinois Gas & 
Electric Company 

Chicago, Metropolitan 
Sanitary District 

Utility 

Indiana & Michigan 
Electric Co. 

Indianapolis Power & 
Light Company 

EPA REGION V 

ILLINOIS (continued) 

Gen. capacity 
Plant Location MW -------
Winnetka Winnetka 25.5 F 

Marion South of Marion 94 F 

Pearl Jacksonville 27.2 F 

Abbott 27.2 F 

Cahokia Sauget 304 F 

Venice No. 1 & 2 Venice 529 F 

Peru Peru 15. 3 F 

Moline Moline 99.l F 

Chicago Chicago 30.5 F 

INDIANA 
Gen. Capacity 

Plant Location MW Type 

Twin Branch Mishawka 384 F 

Tanners creek Lawrenceburg 1098 F 

Breed Sullivan 450 F 

H. T. Pritchard Martinsville 393.6 F 

Elmer w. stout Indianapolis 372 .6 F 

c. c. Perry Indianapolis 47.5 F 

(Sec. K) 

c. c. Perry. Indianapolis 11 F 

(Sec. W) 
Petersburg Petersburg 724.4 F 

Al-25 



Utility 

North Indiana Public 

Service Company 

/ 

Public Service Co. 

of Indiana, Inc. 

Southern Indiana Gas & 

Electric Company 

Logansport Municipal 

Utilities 

Peru Electric Light & 
Power Dept. 

Indiana Statewide Rural 

Electric Corp., Inc. 

Indiana-Kentucky 

Electric Corp. 

Frankfort Light & 
Power Dept. 

EPA REGION V 

INDIANA (continued) 

Plant 

Michigan City 

Dean ·H. Mitchell 

Bailly 

Dresser 

Edwardsport 

Noblesville 

Wabash River 

Gen. Capacity 

Location MW 

Michigan City 211 

Gary 529.4 

Dune Acres 

Terre Haute 

Edwardsport 

Noblesvil-le 

west Terre Haute 

52.2 

615 .6 

33.9 

535* 

210 

146.8 

100 

962 

Robert A. Gallagher New Albany 

8 

600 

8.25 

500 

500* 

Rushville 

Cayuga 

Ohio River 

Culley 

Warrick Unit #4 

Logansport 

Peru 

Petersburg 

Clifty Creek 

Frankfort 

Al-26 

Rushville 

Cayuga 

Evansville 

Newburgh 

Yankeetown 

Logansport 

Peru 

Petersburg 

Madison 

Frankfort 

121.5 

153.7 

250* 
150 

55.5 

.18 

40 

200* 

1303.6 

32.5 
16.5 

F 

F 

G 

F 

G 

F 

F 

F 

F 

F 

G 

F 

F 

F 

F 

F­

F 

F 

F 

.F 

G 

F 

F 

F 

F 

G 



utility 

erawforasville Elec. 
Light & Power Co. 

Commonwealth Edison co. 
of :i:nd icina , Inc • 

Richmond Power and 
Light Dept. 

Utility 

Consumer Power Co. 

EPA REGION V 

INDIANA (continued) 

Gen. capacity 
Plaht I,,ocation MW Type 

ctawfordsville Crawfordsville 40.2 F 

State line Hammond 

Whitewater Valley Richmond 
Johnson Street ~ichmona 

Richmond 

MICHIGAN 

Plant Location 

John c. weadock Essexville 

Saginaw River Saginaw 
Dane E. Karn Essexville 

Bryce E. Morrow Comstock 

Kalamazoo Kalamazoo 
Elm Street Battle Creek 
Justin R. Whiting Erie 

B. c. Cobb Muskegon 
Wealthy Street Grand Rapids 
j. H. Campbell West Olive 

Bi9 Rock Charlevoix 
Palisades Palisades 
Midland Free Pond 

Al-27 

972 

Gen. 

30 
30 

66* 

Capacity 
MW 

614.5 
20.6 

100 

530 

6i5* 
186 

35 
20 

30 

325 
20.6 

510.5 
20 

650 

20.6 

75 
811. 7* 

1381.3* 

F 

F 

F 

F 

~ 

' F 
G 
F 
F 
F 

F 
G 
F 

F 
F 
G 
F 
F 
F 
G 
N 
N 
N 



EPA REGION v 

MICHIGAN (continued) 

Gen. Capacity 

Utility Plant Location MW Type 

Detroit Edison Co. Beacon st. Detroit 27.8 F 
St. Clair Bell River 1905 F 

18.6 G 
River Rouge River Rouge 933.2 F 
Greenwood Energy 

Center Detroit 800* N 
<;:onners Creek Detroit 585 F 
Trenton Channel Trenton 1075.5 F 
Delray Detroit 391 F 
Marysville Marysville 300 F 
Pennsalt Wyandotte 37 F 
Wyandotte North Wyandotte 54.1 F 
Wyandotte South Wyandotte 18.5 F 
Port Huron Port Huron 11. 75 F 

Harbor Beach Harbor Beach 121 F 

Monroe Monroe 3000* F 

Fermi Detroit 158 N 

64 G 

1075* N 

French Island 136 F 

Indiana & Michigan Donald c. Cook Bridgman 2200* N 

Power Co. 

Upper Peninsula Power Co. Escanaba Escanaba 25.3 F 

John H. warden L'Anse 15 .6 F 

Presque Isle Marquette 174. 7 F 
170* F 

Coldwater Board of Coldwater Coldwater 11.125 F 
Public Utilities 

Detroit Public Lighting Mistersky Detroit 174 F 

Commission 

Escanaba Municipal Escanaba Wells 25 F 

Electric Utility 

Al-48 



Utility 

Grand Haven Board of 
Light & Power 

Holland Board of 
Public Works 

Lansing Board of water 
and Light 

Marquette Board of 
Light & Power 

Traverse City Light 
& Power Dept. 

Northern Michigan 
Electric Coop., Inc. 

Michigan State Univ. 

Wyandotte Munic. 
Service Cormnission 

Utility 

Minnesota Power & 
Light Co. 

Northern State Power 
Co. (Minn.) 

EPA REGION V 

MICHIGAN (continued) 

Plant Location 

Island Steam Plant Grand Haven 

James De Young Holland 

Ottawa Lansing 
Eckert Lansing 
Delta Lansing 

Marquette Gen.Plt. Marquette 

Traverse City Plt. Bay 

Advance Boyne City 

Sixty-five East Lansing 

Wyandotte Wyandotte 

MINNESOTA 

Plant Location 

Aurora Aurora 
Clay Boswell Cohasset 

M. L. Hibbard Duluth 

Black Dog Nichols 

High Bridge St. Paul 

Island St. Paul 

Al-29 

Gen. Capacity 
MW 

20 

77.2 

81.5 
381 
160* 

34.5 

35 

41.8 

31 

41.5 
23 

Gen. Capacity 
MW 

116.l 
150 
122.5 

480.7 

458.8 
16 

F 

F 

F 

F 
F 

F 

F 

F 

F 

F 

G 

~ 

F 

F 

F 

F 

F 

F 



Utility 

Northern State Power 
Co. (Minn.) 

Otter Tail Power Co. 

Alexandria Board of 
Public Works 

Austin Utilities 

Benson Water & Light 
Dept. 

Blue Earth Power & 
Water Dept. 

Detroit Lakes Public 
Utilities Dept. 

Fairmount Public 
Utilities Commission 

Jackson Electric Light 
Dept. 

EPA REGION V 

MINNESOTA (continued) 

Plant 

King 
Monticello 
Red Wing 
Minnesota Valley 
Riverside 
South East 
Whitney 
Wilmarth 
Winona 
Prairie Island 

Crockston 
Hoot Lake 
Canby 
Ortonville 
Bemidji 

Alexandria 

Austin 

Benson 

Blue Earth 

Detroit Lakes 

Fairmount 

Jackson 

Al-30 

Location 

Bayport 
Monticello 
Red Wing 
Granite Falls 
Minn~a f>O lis 
Minneapolis 
St. Cloud 
Mankato 
Winona 
Near Hasting 

Crocks ton 
Fergus Falls 
Canby 
Ortonville 
Bemidji 

Alexandria 

Austin 

Benson 

Blue Earth 

Detroit Lakes 

Fairmount 

Jackson 

Gen. Capacity 
MW 

598.4 
569 

28 

65 
506.4 

30 

21 
25 
26 

1186* 

10 
136.9 

7.5 
15 
37 

5.25 

27.5 
6 

30 

0.45 

5.0 

6.0 

26.5 

2.0 

F 

N 

F 

F 

F 

F 

F 

F 

F 

N 

F 

F 

F 

F 

F 

F 

F 

G 

N 

F 

F 

F 

F 

F 



EPA REGION v 

MINNESDrA (continued) 

Gen. Capacity 
Utility Plant Location MW Type 

Litchfield Public Litchfield Litchfield 3.5 F 
Utilities Commission 

Luverne Municipal Util. Luverne Luverne 3.0 F 

Madison Munic. Util. Madison Madison 1.85 F 

Marshall Munic. Util. Marshall Marshall 3.0 F 
16.5 G 

Moorhead Public Moorhead Elm St. South 34 F 
service Dept. 10 G 

Mountain Iron (MUN) Mountain Iron Mountain Iron 1.2 F 

New Ulm Public Util. New Ulm New Ulm 27 F 
Commission 

Owatonna Municipal Owatonna Owatonna 34.5 F 

Public Utilities 

Redwood Falls Public Redwood Redwood Falls 2.0 F 

Utilities Comm. 

Rochester Public Rochester Rochester 113 F 

Utility Dept. 

Sleepy Eye Munic.Util. Sleepy Eye Sleepy Eye 3.25 F 

Springfield Pub. Util. Springfield Springfield 2.75 F 

Two Harbor Municipal Two Harbors Two Harbor 6.0 F 

water & Light Plant 

Virginia Dept. of Virginia Virginia 34.5 F 

Public Utilities 

Al-31 



Utility 

Willmar Municipal 
utilities Commission 

Windom Munic. Util. 

Worthington Munic. 
Public Utilities 

Northern Minn. Power 
Assoc ia t ion 

Rural Cooperative Power 
Assn. 

Interstate Power co. 

Utility 

Cincinnati Gas & 
Electric Co. 

Cleveland Electric 
Illuminating Co. 

EPA REGION 

MINNESOTA 

Plant 

Willmar 

Windom 

Worthington 

Kettle River 

Elk River 

Albert Lea 
Fox lake 

OHIO 

Plant 

West End 
Miami Fort 

w. c. Beckjord 

J. M. Suaurt 

Zimmer 

Ashtabula 
Avon Lake 
East Lake 

lake Shore 

Al-32 

v 

(continued) 

Gen. Capacity 
Location MW Type 

Willmar 32.4 F 

Windom 3.0 F 

Worthington 16.5 F 

Kettle River 4.25 F 

Elk River 45.0 F 
22 N 
17.2 G 

Albert Lea 18.5 F 
Sherburn 104 F 

Sen. capacity 
Location MW ~ 

Cincinnati 219 .3 F 
North Bend 519.2 F 

182 G 
New Richmond 760.5 F 

460.8* F 
Aberdeen 1830 F 

610* F 
Near Berlin 1756* N 

Ashtabula 456 F 
Avon lake 1275 F 
East lake 577 F 

680* F 
Cleveland 514 F 



Utilities 

Columbus & Southern 
Ohio Electric Co. 

The Dayton Power & 
Light Co. 

Ohio Edison Company 

Ohio Power Company 

EPA REGION V 

OHIO (continued) 

Plant 

Poston 

Conesville 

Picway 

Walnut 

Miamisburg 
J. M. Stra\:lt 
Frank M. Tait 
O. H. Hutchi.ngs 

Troy 

W. H~ Sammis 

R. E. Burger 
Toronto 
Niles 
Edgewater 
Gorge 
Mad River 
Scioto 

Muskingum River 
Woodcock 
Tidd 
Philo 
cardinal 
Genl.James M.Gavin 
Caldwell 
Martins Ferr.y 

Al-33 

Location 

Athens 

Conesville 

Columbus 

Columbus 

Miamisburg 
Aberdeen 
Dayton 
Dayton 

.Troy 

Stratton 

Shady Side 
Toronto 
Niles 
Lorain 
Akron 
Springfield 
Scioto 

Beverly 
Bluffton 
Brilliant 
Philo 
Brilliant 
Near Gallipolis 
Caldwell 
Martins Ferry 

Gen. Capacity 
MW 

232 

13.8 

433.5 
842* 

13.8 

230.8 

251.28 
75 
65.3 

6.4 
610 .2 

444.1 
414 

32.6 
24 

1979 

323* 

544 

315.8 
250 
174 .9 

87.5 
75 

40.3 

1466.8 

42.5 

222.2 

500 

1270.5 

2600* 

2.8 

6.5 
2.0 

F 

G 

F 

F 

G 

F 

G 

F 

G 

F 

F 

F 

F 

G 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

G 



Utility 

Ohio Valley Elec. Corp. 

Toledo Edison Co. 

/ 

Cleveland Div. of 

Light & Power 

Columbus Munic. Electric 

Light Dept. 

Celina Munic. Util. 

Dover Electric Dept. 

East Palestine Munic. 

Elect. Dept. 

Hamilton Dept. of 

Public Utilities 

Napoleon Munic. Util. 

Norwalk Municipal 

Elect. Dept. 

Orriville Munic. Util. 

Painesville Electric 

Power Dept. 

EPA REGION V 

OHIO (continued) 

Plant Location 

Kyger Creek Gallipolis 

Bay Shore Oregon 

Acme Toledo 

Clyde Clyde 
Davis-Beese Toledo 

Lake Rd. Cleveland 

East 53rd St. Cleveland 

West 4lst St. Cleveland 

Columbus Columbus 

Celina Celina 

Dover Dover 

East Palestine East Palestine 

Hamilton Hamilton 

Napoleon Napoleon 

Woodlawn Ave. Norwalk 

Orriville Orriville 

Painesville Painesville 

Al-34 

Gen. Capacity 

MW 

1086.3 

639.5 

16 

307 

30 

1 

2 

870* 

172 .5 

50 

35.6 

43.5 

14.5 

25 
20* 

33.2 

16.5 

84 

28.9 

22.65 

31.3 

38.5 

62.5* 

38 

Type 

F 

F 

G 

~5 
F 

F 

F 

N 

F 

F 

F 

F 

G 

F 

G-

F 

F 

F 

G 

F 

F 

F 

F 

F 

Hz 



Utility 

Piqua Munic. Power Plant 

Reading Municipal Water 
and Light Plant 

St. Marys Munic. Light 
& Power 

Shelby Munic. Elect. 
Plant 

Utility 

Lake Superior District 
Power Co. 

Madison Gas & Elect.Co. 

Northern States Power 
Co. (Wis cons in) 

Superior water, Light & 
Power Co. 

Wisconsin Electric 
Power Co. 

EPA REGION V 

OHIO (continued) 

Plant 

Piqua 

Prospect 

St. Marys 

Shelby 

WISCONSIN 

Plant 

Bay Front 

Blount 

Edison 
French Island 
Sherbourne 

Winslow 

Lakeside 
Commerce 
East Wells 
Port Washington 
Port Washington 
North Oak creek 
South Oak creek 

Al-35 

Location 

Piqua 

Reading 

St. Marys 

Shelby 

Location 

Ashland 

Madison 

La Crosse 
La Crosse 

Superior 

St. Francis 
Milwaukee 
Milwaukee 
Port Washington 
Port Washington 
Oak Creek 
Oak Creek 

Gen. Capacity 
MW 

53 

9.5 

14* 

22 

26.5 

12 .5* 

3 

2600* 

Gen. Capacity 
MW 

82.2 

195.5 

5 
25 

1360* 

25.2 

344.7 

35 

13. 7 

400 

19 

500 

1170 

19 

Type 

F 

F 
F 

F 

F 

F 

G 

N 

F 

F 

F 

F 

F 

F 
F 
F 
F 
G 
F 
F 
G 



Utility 

Wisconsin Electric 
Power Co. 

Wisconsin Power & Light 
Company 

Wisconsin Public Service 
Corp. 

Manitowoc Public Util. 

Marshfield Electric & 
Water Dept. 

Menasha Electric & 
Water Utilities 

Richland Center Munic. 
Utilities 

Dairyland Power Coop. 

Oconto Elec. Coop. 

EPA REGION V 

WISCONSIN (continued) 

Plant 

Valley 
Point Beach 
Point Beach 1 & 2 

Edgewater 

Rock River 

Black Hawk 
Nepson Devy 
Kewaunee 
Columbia 

Pulliam 
Weston 

Manitowoc 

Wildwood 

Menasha 

Richland Center 

Alma 

Stoneman 
Genoa St. #1 
Genoa St. #2 
Genoa St. #3 

Stiles 

Al-36 

Location 

Milwaukee 
Two Creeks 
Manitowoc 

Sheboygan 

Beloit 

Beloit 
Cassville 
Kewaunee 
Near Portage 

Green Bay 
Rothschild 

Manitowoc 

Marshfield 

Menasha 

Richland Center 

Alma 

Cassville 
Genoa 
Genoa 
Genoa 

Stiles 

Gen. Capacity 
MW 

269.7 

19.6 

1005.7 

351 

129 

159.4 

46.8 

57.5 

227.3 

527* 

527* 

392.5 

135 

19.6 

75 

50.2 

29.2 

14 .2 

187 

51.8 
14.0 

50 

300 

1 

F 

F 

N 

F 

F 

F 

G 

F 

F 

N 

F 

F 

F 

G 

F 

F 

F 

F 

F 

F 

F 

N 

F 

F 



EPA REG ION VI 

Region: Arkansas, Louisiana, New Mexico, Texas, Oklahoma 

Region Office: Dallas, Texas 

Utility 

Arkansas Power & Light Co. 

Hope water & Light Plt. 

Jonesboro Water & Light 
Plant 

Arkansas Electric Coop. 
Corp. 

Utility 

Central Louisiana 
Elec. Co., Inc. 

New Orleans Public 
Service, Inc. 

ARKANSAS 

Plant 

Robert Ritchie 

Lake Catherine 
Cecil Lynch 
Harvey Couch 
Hamilton Moses 
Russellville 

Hope 

Jonesboro 

Fitzhugh 
Bailey 

McClellan 

IDUISIANA 

Plant 

Coughlin 
Teche 
Little Gypsy 
Nine Mile Point 
Sterlington 

Mark St. Station 
A. B. Patterson 
Michaud 

Al-37 

Gen. Capacity 
Location MW 

Helena 903.6 

18 

Hot Springs 756.0 

N. Little Rock 259.8 

stamps 187.5 

Forest City 138 

Russellville 793* 

920* 

Hope 6 

Jonesboro 27.7 

Ozark 59.8 

Augusta 122 

200* 

Camden 134 

Gen. Capacity 
Location MW 

St. Landry 483.3 

Baldwin 428 

La Place 1250.8 

Westwego 1101 

Sterlington 351.5 

New Orleans 96.3 

New Orleans 218 .3 

New Orleans 959.3 

Type 

F 
G 
F 
F 
F 
F 
N 
N 

F 

F 

F 
F 
F 
F 

~ 

F 
F 
F 
F 
F 

F 
F 
F 



EPA REGION VI 

LOUISIANA (continued) 

Utility 

Southwestern Electric 

Power Co. 

Alexandria Munic. Power 

& Light Dept. 

Homer Light & Power 

Dept. 

Houma Munic. Light Plt. 

Lafayette Util. System 

Minden Light & Power 

Dept. 
Monroe Util. Comm. 

Morgan City Munic. 

Electric Plant 

Plant 

Arsenal Hill 

Liberman 

Alexandria 

Homer 

Houma 

Rodemacher 

Louis "Doc" Bonin 

Minden 

Park Ave. 

Morgan 

Natchitoches Munic. Natchitoches 
Elec. Light & water 

Ruston Munic. Light Dept. Ruston 

Opelousas Munic. Elec. Opelousas 
Dept. 

Plaquemine Light Dept. Plaquemine 

New Orleans Sewage & Power House No. 2 
Water Board 

Al-38 

Location 

Shreveport 

Mooringsport 

Alexandria 

Homer 

Houma 

Lafayette 

Lafayette 

Minden 

Monroe 

Morgan City 

Natchitoches 

Ruston 

Opelousas 

Plaquemine 

New Orleans 

Gen. Capacity 

MW 

170.0 

277 .3 

97.5 

80* 

8.7 

40.7 

45.7 

143.3 

25 

172 

10 

31 

55.8 

41.4 

12.7 

26* 

20.5* 
10.8 

47.0 

20 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

G 

F 

F 

F 

F 

F 

F 

G 

F-25 Hz 

G-25 Hz 



Utility 

Gulf State Utilities Co. 

Louisiana Electric 
Coop., Inc. 

Utility 

New Mexico Electric 
Service Co. 

Public Service Co. of 
New Mexico 

Clayton Municipal 
Electric System 

Farmington Electric 
Utility 

The Raton Public 
Service Company 

Lea County Electric 
Cooperative, Inc. 

Plains Elec. Generation 
& Trans. Coop., Inc. 

EPA REGION VI 

LOUISIANA (continued) 

Plant 

Louisiana St. #1&2 
Roy s. Nelson 
Willow Glen 

River Bend #1&2 

New Roads 

NEW MEXIC'O 

Plant 

Maddox 

Reeves 
Person 
Prager 
Santa Fe 

Clayton 

Animas 

Raton 

Lea County 

Plains 

Al-39 

Location 

Baton Rouge 
Westlake 
St. Gabriel 

Baton Rouge 

Near Morganza 

Location 

Hobbs 

Albuquerque 
Albuquerque 
Albuquerque 
Sahta Fe 

Clayton 

Farmington 

Raton 

N. Lovington 

Algodones 

Gen. Capacity 
MW Type 

428 F 
9.20 .5 F 
994.4 F 
530* F 

1880* N 

230* F 

Gen. Capacity 
MW Type 

118 F 

175 F 
i25 F 

35 F 
12 F 

4 F 

28.5 F 

12 F 

59.6 F 

51.8 F 



Utility 

Southwestern Public 

Service Co. 

EPA REGION VI 

NEW MEXICO (continued) 

Plant 

Cunningham 

Carlsbad 

Roswell 

Location 

Hobbs 

Carlsbad 

Roswell 

Arizona Public Service Co. Four Corners Nr.Farmington 

U.S. Atomic Energy 

Commission 

Gallup Electric Light 

& Power System 

Utility 

Central Power & Light Co. 

Dallas Power & Light Co. 

El Paso Electric Co. 

TA-3 

Gallup 

TEXAS 

Plant 

La Palma 

Victor P.S. 

Nueces Bay 

Lon C. Hill 

Laredo p .s. 
J. L. Bates 

E. s. Jospin 

Dallas 

Mountain Creek 

Parksdale 

North Lake 

Lake Hubbard 

Big Brown 

Rio Grand~ 

Newman 

Al-40 

Los Alamos 

Gallup 

Location 

San Benito 

Victoria 

Corpus Christi 

calallen 

Laredo 

Mission 

Point Comfort 

Dallas 

Dallas 

Dallas 

Dallas 

Dallas 

Dallas 

El Paso 

El Paso 

Gen. Capacity 

MW Type 

265.4 F 

44.3 F 

24.2 F 

11.5 G 

2369.8 F 

20 F 

16.l F 

Gen. Capacity 

MW Type 

217 F 

553.5 F 

244.5 F 

574.2 F 

72 F 

188.7 F 

234.9 F 

223.5 F 

989.7 F 

340.6 F 

708.6 F 

396.5 F 

526.0* F 

83.3 F 

235 F 

265.8 F 



Utility 

Gulf State Util. Co. 

Houston Lighting & 
Power Company 

Southwestern Electric 
Service Co. 

Southwestern Public 
Service Co. 

EPA REGION VI 

TEXAS (continued) 

Plant Location 
Gen. Capacity 

MW 

Neches 
Sabine 

Lewis creek 

Deepwater 
Gable Street 

Beaumont 
Bridge City 

Willis 

Houston 
Houston 

Deepwater-Champion Houston 
Hiram o. Clarke Houston 

Greens Bayou Houston 
Cedar Bayou Bayton 

Webster Webster 

Bertrom, Sam 

T_. H. Wharton 

w. A. Parish 

P. H. Robinson 

Jacksonville 

Plant "X" 
Nichols 
Denver City 
East Plant 
Riverview 
Jones 
Moore county 
Tu co 

Al-41 

Houston 

Houston 

Richmond 

Ba cliff 

Alabama 

Earth, Tex. 
Amarillo, Tex. 
Denver City,Tex. 
Amarillo 
Borger 
Lubbock 
Sunray 
Abernathy 

452.3 
952 

580* 

500 

334.125 

84.1 
334.9 

210 

96 

375 

692 
823* 

614 
16.3 

826.3 

49 
322.8 

16.3 

1255.4 
16.3 

1549.5 
16.3 

11.0 

434.4 

474.8 

87.5 
71 

69.5 
235.2 

68.2 

40 

F 

F 

F 

F 

F 

F 

F 

F 

G 

F 

F 

F 

F 

G 

F 

G 

F 

G 

F 

G 

F 

G 

F 

F 

F 

F 

F 

F 

F 

F 

F 



Utility 

Texas Electric Service 
Company 

Texas Power & Light Co. 

West Texas Util. Co. 

Austin Electric Dept. 

Bryan Municipal 
Elect. System 

EPA REG ION VI 

TEXAS (continued) 

Plant 

Graham 
Eagle Mountain 
Handley 
North Main 
Wichita Falls 
Permian Basin 

Morgan Creek 
Big Brown 

Collin 
Lake Creek 
River crest 
Stryker Creek 

Gen. Capacity 
Location MW -------
Graham 634.8 
Fort Worth 706.2 
Fort Worth 523.4 
Fort Worth 116.3 
Wichita Falls 25 
Monahans 

Colorado City 
Fairfield 

Frisco, Tex. 
Waco, Tex. 
Bogata 
Rusk, Tex. 

165 
535.5* 
845.8 
593 

Trading House Creek Waco, Tex. 

156.3 
315. 6 
112.5 
703.5 
588.2 
799.2* 
413. 3 Trinidad 

Valley 
Waco 
De Cordova 

Abilene 
Concho 
Pauline 
Oak Creek 
Paint creek 
Rio Pecos 

San Angelo 

Seaholm Station 
Holly Street 
Decker Creek 

Bryan 

Al-42 

Trinidad, Tex. 
Savoy, Tex·. 
Waco, Tex. 

Abilene, Tex. 
San Angelo 
Quanah 
Bronte 
Stamford 
Girvin, Tex. 

San Angelo 

Austin 
Austin 
Austin 

Bryan 

1175 
13 

775* 

26.3 
52.5 
44.5 
81.6-

241.6 
136.5 

5.0 
100 .8 

32.6 

134 
416 
300 

128.7 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

:F 

F 

G 

F 

G 

F 

F 

,F 

F 



Utility 

Coleman Munic. Power 
& Light Dept. 

Denton Munic. Util. 

Garland Electric Dept. 

Greenville Munic. Light 
& Power Dept. 

Lubbock Power & Light 
Dept. 

San Antonio Public 
Service Board 

Brownsville Public 
Utilities Board 

Brazos Electric Power 
Coop., Inc. 

South Texas Electric 
Coop., Inc. 

Texas A & M University 

Lower Colorado River 
Authority 

EPA REGION VI 

TEXAS (continued) 

Plant 

Coleman 

Denton 

C. E. Newman 
Ray Olinger 

Greenville 

Holly Ave. 

Leon Creek 
Mission Rd. 
w. B. Tuttle 
W. H. Brattnig 
Owsomrners 
Pearsall 
Comal 

Silas Ray 

Poage 
Worth Tex. 
Randle w. Miller 

Sam Rayburn 

Univ. Utilities 

Comal 
Sim Gideon 

Granite Shoals 

Al-43 

Location 

Coleman 

Denton 

Garland 
Garland 

Greenville 

Lubbock 

San Antonio 
San Antonio 
San Antonio 
San Antonio 
San Antonio 
San Antonio 
San Antonio 

Brownsville 

Belton 
Weatherford 
Palo Pinto 

Nursery 

Gen. Capacity 
MW 

9.2 

123.8 

96.5 
187 

48.2 

130.5 
29.5 

263.6 
163.6 
493.9 
882 

430 
75 

60 

53.0 

15.0 

23 

81.6 
166 

25 
23 

College Station 22.25 

New Braunfels 60 

Bastrop 250 

315* 

Marble Falls 408* 

F 

F 

F 

F 

F 

F 
G 

F 
F 
F 
F 

F 
F 

F 

F 

G 

F 

F 

F 

F 
G 

F 

F 
F 
F 
F 



utility 

Southwestern Electric 
Power Co. 

Utility 

Oklahoma Gas & Elect.Co. 

Public Service Co. of 
Oklahoma 

Kingfisher Munic. Light 
Dept. 

Ponca City Munic. 
Water & Light Dept. 

Stillwater Water & 

& Light Dept. 

EPA REGION VI 

TEXAS (continued) 

Plant 

Knox Lee 
Lone Star 

Wilkes 

OKLAHOMA 

Plant 

Seminole Sta. 

Horse Shoe Lake 

Mustang 

Arbuckle 
Belle Isle 

Riverbank 
Osage 
Byng 

Southwestern 
Tulsa 
Weleetka 
Northeastern 
Lawton 

Kingfisher 

Ponca City 

Boomer Lake 

Al-44 

Location 

Longview 
Lone star 

Jefferson 

Location 

Konawa 

Harrah 

Okla. City 

Sulphur 
Okla. City 

Muskogee 
Ponca City 
Byng 

Washita 
Tulsa 
Weleetka 
Oolagah 
Lawton 

Kingfisher 

Ponca City 

Stillwater 

Gen. Capacity 
MW 

186 

50 

49 

869.5 

Gen. Capacity 
MW 

567 
22 

916.2 

27.2 

509.3 

80 

73.5 

55.0 

8.0 

195.9 
40 

14 

482.7 

482 

83 

642.5 

29.5 

2 

16.5 

22.65 

Type 

F 

F 

G 
F 

F 

F 

F 

G 

F 

G 

F 

F 

G 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 



EPA REGION VI 

OKLAHOMA (continued) 

Gen. Capacity 
utility Plant Location MW Type 

Western Farmers Anadarko Anadarko 83 F 
Electric Coop. Mooreland Mooreland 191 F 

Grand River Dam Chouteau Chouteau 56.3 F 

Al-45 



EPA REGION VII 

Region: Iowa, Kansas, Missouri, Nebraska 

Region Office: Kansas City, Missouri 

Utility 

Interstate Power Co. 

Iowa Electric Light 
& Power Co. 

Iowa, Illinois Gas & 
Electric Co. 

Iowa Power & Light Co. 

Iowa Public Service Co. 

Iowa Southern Util. Co. 

Plant 

M. L. Kapp 
Dubuque 
Lansing 
Mason City 

Sutherland 
Boone 

IOWA 

Iowa Falls 
Cedar Rapids 
Duane Arnold 

Riverside 

Des Moines Pwr. 
Station #2 

Council Bluffs 

Neal 

Maynard 
Big Sioux 
Kirk 
Hawkeye 
I.P.S. Gen.Flt. 
I.P.S. Gen.Flt. 
Charles City 

Burlington 
Bridgeport 

Al-46 

Location 

Clinton 
Dubuque 
Lansing 
Mason City 

Marshal town 
Boone 
Iowa Falls 
Cedar Rapids 
Cedar Rapids 

Beltendorf 

Des Moines 

Council Bluffs 

Sioux City 

waterloo 
Sioux City 
Sioux City 
Storm Lake 
Caroll 
Eagle Grove 

Burlington 
Eddyville 

Gen.Capacity 
MW 

237. 2 

91.3 

64 

23. 5 

156.6 

34.3 
12.8 
92.3 

550* 

237 

72 

324.6 

103.6 

147 
300* 

107.4 
41 

17.5 
19 

10.75 
7.5 

4.5 
36.0 

212 

71 

F 

F 

F 

F 

F 

F 

F 

F 

N 

F 

G 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

G 

F 

F 



Utility 

Ames Electric Utility 

Atlantic Munic. Util. 

Cedar Falls Munic. Util. 

Denison Munic. Util. 

Grundy Center Munic. 
Light & Power 

Harlan Munic. Util. 

Mt. Pleasant Util. 

Muscatine Power & 
Water Dept. 

Pella Munic. Power & 
Light Dept. 

Sibley Munic. Util. 

Spencer Munic. Util. 

Trear Munic. Util. 

Webster City. Munic. 
Light & Power Dept. 

Central Iowa Power Coop. 

Corn Belt Pwr. Coop. 

EPA REGION VII 

.lQ!ffi {continued) 

Plant Location 

Ames Municipal Ames 

Atlantic Atlantic 

Streeter Cedar Falls 

Denison Denison 

Grundy Center Grundy Center 

Harlan Harlan 

Mt. Pleasant Munic. Mt. Pleasant 

Muscatine 

Pella 

Sibley 

Spencer 

Trear 

Webster City 

Prairie Creek 
Summit Lake 

Rumbolt 

Al-47 

Muscatine 

Pella 

Sibley 

Spencer 

Trear 

Webster City 

Cedar Rapids 

Gen. Capacity 
MW ~ 

63.7 F 

14.75 F 

31.3 F 
22 G 

4.5 F 

1.25 F 

6.4 F 

13.3 F 

108 F 

17.0 F 

2.5 F 

17.5 F 

22.4 G 

1 F 

15.4 F 

20.6 G 

244.7 F 

22.5 F 

43.8 F 



EPA REGION VII 

Utility 

Central Kansas Power Co. 

Kansas Gas & Elec. Co. 

Kansas Pwr. & Light Co. 

Western Power Div. 

Central Telephone & 
Utilities Corp. 

KANSAS 

Plant 

Hays 

Ross Beach 

Colby 

Gordon Evans 

Murray Gill 

Neosho 

Ripley 

Wichita 

Tecumseh 

Lawrence 

Hutchinson 

Abilene 

Philf ipsburg 

Arthur Mullergren 

Anthony Electric Dept. Power Station 

Chanute Munic. Elec.Dept. Chanute 

Clay Center Munic. Clay Center 

Electric Dept. 

Coffeyville Munic. Water 

& Light Dept. 

Iola Electric Dept. 

Kansas City Board of 

Public Utilities 

Larned Elec. Light Dept. 

Coffeyville 

Municipal 

KAW 
Quindaro 

Larned 

Al-48 

Location 

Hays 

Hill City 

Colby 

Wichita 

Wichita 

Parsons 

Wichita 

Wichita 

Tecumseh 

Lawrence 

Hutchinson 

Abilene 

Phillipsburg 

Great Bend 

Anthony 

Chanute 

Clay Center 

Coffeyville 

Iola 

Kansas City 

Kansas City 

Larned 

Gen. Capacity 

MW 

17 

35 

12 

539.3 

348.3 

113.5 

87.3 

22.8 

346.1 

613 .4 

252.2 

33.8 

3.0 

133.5 

5.25 

19 

12.5 

40.25 

15.5 

161.3 

331.6 

15 

12.8 

~ 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

G 

F 



EPA REGION VII 

KANSAS. (continued) 

Gen. Capacity 
Utility Plant Location MW ~ 

Mepherson Board of Mepherson #1 Mepherson 25.5 F 
of Public Utilities Mepherson #2 Mepherson 32 F 

Ottawa Water & Light Ottawa Ottawa 7.25 F 
Dept. 11.8 G 

Pratt Munic. Elect.Dept. Pratt Pratt 23.8 F 

Washington Munic. Light Washington Washington 4.8 F 
Plant 

Winfield Munic. Elec. Winfield Winfield 18 F 
11.3 G 

Winfield Winfield 26.5 F 

Wheatland Elec. Coop., Inc. Garden City Garden City 28.5 F 
15 G 

Sunflower Elec. Coop. Ross Beach Ross Beach 25 F 

Empire Dist. Elec. Co. Riverton Riverton 42.5 F 0 25 Hz 
112.5 F 

12.5 G 

MISSOURI 

Gen. Capacity 

Utility Plant Location MW ~ 

Empire Dist.Elec. Co. Asbury 200 F 

Kansas City Power & Motrose Clinton 563.l F 

Light Co. Hawthorn Kansas City 887 F 

Northeast Kansas City 156 F 

Grand Avenue Kansas City 116.8 F 
10 F 25 Hz 
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Utility Plant 

EPA REGION VII 

MISSOURI (continuted) 

Location 
Gen. Capacity 

MW 

Missouri Power & Light Co. Gen. Plant 
Gen. Plant 

Jefferson City 
Mexico 

12.7 
19 

Missouri Public Service 
Inc. 

St. Joseph Light & 
Power Co. 

Union Electric Co. 

Chillicothe Munic.Util. 

Columbia Water & Light 
Dept. 

Fulton Board of Public 
Works 

Hannibal Board of Public 
Works 

Independence Power & 
Light Dept. 

Macon Municipal Util. 

Sikeston Board of 
Munic. Utilities 

Springfield City Util. 

Northeast Missouri 
Elec. Power Corp. 

Sibley 
Ralph Green 

Sibley 
Pleasant Hill 

518 

49.5 

St. Joseph Gen.Flt. St. Joseph 
St. Joseph Gen.Flt. St. Joseph 

42.5 

150.5 

Labadie 
Meramec 
Ashley 
Mound 
Sioux 

Chillicothe 

Columbia 

Fulton Plt. #1 
Fulton Flt. #2 

Hannibal 

Blue Valley 
Dodgion Street 

Macon 

Coleman 

James River 

Gen. Plant 

Al-50 

Labadie 1110 
SE St. Louis Co. 923 

St. Louis 70 
St. Louis 40 

Near Portage Des 1099.6 
Sioux 

Wabash Tracks 

Columbia 

Fulton 
Fulton 

Hannibal 

Independence 
Independence 

Macon 

Sikeston 

15 

90 

11.5 
8.3 

.34 

115 
10 

4.5 

6.25 

Kissick 268 

South River Sta. 15 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

p-

F 

F 

F 

F 

F 

F 

F 

F 

F 



EPA REGION VII 

MISSOURI (continued) 

~n. Capacity 
Utility Plant Location MW 

N.W. Electric Pwr. Coop., Generation Plt. Missouri City 40 F 

Inc. 

Arkansas-Missouri Jim Hill 33 F 

Power Co. 

ASEC Thomas Hill 440* F 

Central Elec. Power Coop. Chamois 59 F 

NEBRASKA 

Gen. Capacity 
Utility Plant Location MW ~ 

Alliance Munic. Elec. Alliance Alliance 16.5 F 
Dept. 

Fairbury Light & Water Fairbury Fairbury 21.5 F 
Dept. 

Fremont Dept. of Util. Fremont Fremont 70.0 F 

Grand Island Elec.Dept. c. w. Brudick Grand Island 70.5 F 
60* F 

Hastin~ Utilities Dept. Hasting Hasting 54 F 

Schuyler Dept. of Util. ·Schuyler Schuyler 9 F 

Central Nebraska Public Canady Iexington 100 F 
Power & Irrigation Dist. 

Nebraska Public Power Bluffs Scottsbluff 42.4 F 
District Gen. Plant Ogallala 9 F 

Sheldon Hallam 228.6 F 
Kramer Bellevue 113 F 
K Street Lincoln 31.l F 

Cooper Nr.Nebraska City 800* N 
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EPA REGION VII 

NEBRASKA (continued) 

Gen. Capacity 
Utility Plant Location MW ~ 

Omaha Public Pwr. Dist. Jones Street Omaha 173.5 F 
North om aha Omaha 644.7 F 
South Omaha Omaha 20 F 
Ft. Calhoun Gmaha 455* N 

Al-52 



EPA REGION VIII 

Region: Colorado, Montana, North Dakota, south Dakota, 
Utah, Wyoming 

Region Office: Denver, Colorado 

COLORADO 

Utility Plant 

Public Service Co. of 
Colorado valmont 

Zuni 
Alamosa 
Arapahoe 
Cameo 
Cherokee 
Ft. St. Vrain 
Comenche 

Central Telephone & 

Utilities Corp. Pueblo 
canon City 
Rocky Ford 

Western Colorado Power Co. J. Bullock 
Durango 
Oliver 

Colorado Springs Dept. 
of Public Utilities G. Bridsall 

Martin Drake 

Burlington Municipal 
Light & Power Burlington 

Ft. Collins Light & Power Ft. Collins 

Lamar Utilities Board Lamar 

Trinidad Municipal 
Power & Light Trinidad 

Al-53 

Location 

Valmont 
Denver 
Alamosa 
Denver 
Cameo 
Denver·,. 
Platts ville 
Comenche 

Pueblo 
canon City 
Rocky Ford 

Montrose 
Durange 
Paonia 

Gen. Capacity 
MW 

281.8 
115 .3· 
18.9 

250.5 
75 

250.5 
330* 
350 

30 
43.8 
7.5 

10 
5 
3 

Colorado Springs 62.5 
Colorado Springs 150 

Burlington 7.5 

Ft. Collins 8.0 

Lamar 34 

Trinidad 7.5 

~ 

F 
F 
F 
F 
F 
F 
N 
F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 



DRAFT 

EPA REGION VIII 

COLORADO (Continued) 
Gen. Capacity 

Utility Plant Location MW Type 

Walsenburg Utilities Welsenburg Welsenburg 11.0 F 

Colorado Utilities 
Elec. Assn. Inc. Hayden Hayden 163.2 F 

Nucla Nucla 34.5 F 
McGregor McGregor 5.3 F 

MONTANA 
Gen. Capacity 

Utility Plc;nt Location MW Type 

Montana-Dakota 
Utilities Co. Lewis & Clark Sidney 50 F 

Glendive Glendive 7 F 
Miles City Miles City 2 F 
Baker Baker 1 F 

Montana Light & Power Libby Troy 12.6 F 
Troy Troy 3.5 F 

Montana Power Co. Frank Bird Billings 69 F 
J.E. Corette Billings 172.8 F 

NORTH DAKOTA 
Gen. Capacity 

Utility Plant Location MW Type 

Montana-Dakota 
Utilities Co. R. M. Heskett Mandan 100 .1 F 

Beulah Be uh la 13 .5 F 
Williston Williston 2 F 

valley City Municipal 
Utility Valley City valley City 5 F 

Basin Electric Power Coop. Leland Olds Stanton 240 F 
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EPA REGION VIII 

l\ORTH DAKOTA (continued) 

Gen. capacity 
Utility Plant Location MW ~ 

Central Power Elec. Coop. wm. J. Neal Velva 38 F 

Minnkota Power Coop. , Inc. F. P. Wood Grand Forks 21.5 F 
Milton R. Young Centre 234.5 F 

United Power Assoc. Stanton Stanton 172 F 

SOUTH DAKOTA 
Gen. Capacity 

Utility Plant Location MW ~ 

Black Hills Power & Light Kirk Lead 31.5 F 
Ben French St. Rapid City 22 F 

Nod:hern States Power Co. Lawrence Sioux Falls 48 F 
Path Finder Sioux Falls 66 F 

72 N 
Sioux Falls Sioux Falls 16 F 

Northwestern Public 
Service Co. Aberdeen Aberdeen 12.5 F 

Mitchell Mitchell 12 .5 F 

Rushmore Elec. Power 
Coop., Inc. Kirk Near Whitewood 15 F 

16.5 F 

UTAH 
Gen. Capacity 

Utility Plant Location MW Type 

Utah Power & Light carbon Castle Gate 188.6 F 

Gadsby Salt Lake City 251.6 F 

Hale Orem 59 F 

Jordan Salt Lake City 25.0 F 

Provo City Power Provo Provo 14 F 

California-Pacific 
Utilities Co. Cedar Cedar City 7.5 F 
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EPA REGION VIII 

WYOMING 

Gen. Capacity 

Utility Plant Location MW Type 

Montana-Dakota Utilities Acme Sheridan 12 F 

Black Hills Power & Light Neil Simpson Wyodak 27.7 F 

Osage Osage 34.5 F 

Pacific Power & Light Co. D. Johnaron Glenrock 456.7 F 

330* F 

Trena Near Green River 15 .6 F 

Utah Power & Light Co. Naughton Kemmerer 707 F 

Rushmore Elec. Power 

Coop., Inc. Naughton 380.8 F 

200* F 

Sinclair Refining Co. Sinclair s inc lair 6.2 F 
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EPA REGION IX 

Region: Arizona, California, Hawaii, Nevada 

Region Office: San Francisco, California 

ARIZONA 

Gen. Capacity 
Utility Plant. Location MW 

Arizona Public Service Co. Yuma Axis Yuma 86.7 
Saguaro Red Rock 250 
Ocotillo Tempe 227.3 
Challa Point Joshep City 113.6 
Phoenix Phoenix 116.0 

Tucson Gas & Elec. Co. DeMoss-Petrie Tucson 104.5 

Irvington Tucson 504.5 

. 
Arizona Elect. Power Apache Cochise 75 

Coop., Inc. 11.3 

Salt River Project Agua Fria Glendale 390.5 

Agricultural Impr. & Crosscut Tempe 30 

Power District Kyrene Tempe 108 

Navajo Paige 2310 

Southern Calif. Edison Yuma Axis Yuma 75 

CALIFORNIA 

Gen. Capacity 

Utility Plant Location MW 

Pacific Gas & Elec. Co. Avon Avon 40 

Contra Costa Antioch 1253.6 

Humboldt Bay Eureka 102.4 
60 

Hunters Point San Francisco 391.4 

Kern Bakersfield 152 

Al-57 

~ 

F 
F 
F 

F 
F 

F 

F 

F 
G 

F 
F 
F 

*F 
F 

~ 

F 
F 
F 
N 

F 
F 



Utility 

Pacific Gas & Elec. Co. 

(cont.) 

/ 

San Diego Gas & Elec.Co. 

Southern California 

Edison Co. 

Burbank Public Service 

Dept. 

EPA REGION IX. 

CALIFORNIA 

Plant 

Martinez 

Morro Bay 

Moss Landing 

Ole um 

Pittsburg 

Potrero 

Geysers 

Diablo Canyon 

Station B 

Silvergate 

Encina 

South Bay 

Redondo Beach 
Long Beach 

Etiwanda 

Alamitos 

El Segundo 

Huntington Beach 

Mandlay Steam 

Ormond Beach 

Highgrove 

San Bernardino 

Cool Water 

San Onofre 

Mangolia 

Olive 

Al-58 

(continued) 

Gen. Capacity 

Location MW ~ 

Martinez 40 F 

Morro Bay 1056.3 F 

Salinas 2152.2 F 

Ole um 80 F 

Pittsburg,Cal. 1277. 8 F 

San Francisco 317.9 F 

Geysers 190 F 

Near oceano 1134* N 

San Diego 93 F 

San Diego 247 F 

San Diego 330.8 F 

20 G 

Chula Vista 738.0 F 

18.6 G 

Redondo Beach 1579.4 F 

Long Beach 180 F 

Etiwanda 911 F 

138.l G 

Long Beach 1982.4 F 

138.0 G 

El Segundo 996.5 F 

Hermosa Beach 870.4 F 

121 G 

Oxnard 435.2 F 

121 G 

Ormond Beach 7,50 F 

Colton 169 F 

Loma Linda 130.6 F 

Dagget 146.9 F 

San Clemente 450 N 

Burbank 70 F 

21 G 

Burbank 99 F 



Utility 

Glendale Public Service 
Dept. 

Los Angeles Dept. of 
Water and Power 

Pasadena Water & Power 
Dept. 

EPA REGION IX 

CALIFORNIA (continued) 

Plant 

Glendale 

Harbor 
Valley 
Scattergood 
Haynes 

Broadway 
Glenrarn 

Location 

Glendale 

W ilrnington 
Sun Valley 
Playa Del Rey 
Seal Beach 

Pasadena 
Pasadena 

Imperial Irrigation Dist. El Centro Steam Pl. El Centro 

Sacramento Municipal 
Utility District 

Utility 

Hawaiian Electric Co. 

Kauai Electric Co. 

Maui Elec. Co., Ltd. 

Rancho Seco 

HAWAII 

Plant 

Honolulu 
Waiau 
Kahe 
Hilo 

Maui 

Port Allen 

Kahului 

Al-59 

Rancho Seco 

Location 

Honolulu 
Waiau 
Kahe 
Hilo 

Maui 

Kauai 

Maui 

Gen. Capacity 
MW 

163 

355 
512.5 
312.5 

1606 

171 
65.3 

187.6 

913* 

Gen. Capacity 
MW 

168.2 
394.5 

239.0 
37.5 
11. 7 

35 

10 

38.5 

F 

F 

F 

F 

F 

F 

F 

F 

N 

~ 

F 

F 

F 

F 

G 
F 

F 

F 



EPA REGION IX 

NEVADA 

Gen. Capacity 

Utility Plant Location MW ~ 

Nevada Power Co. Clark Station East Las Vegas 190.3 F 

Sunrise Station Las Vegas 81.6 F 

Reid Gardner St. Moapa 227.3 F 

Sierra-Pacific Power Co. Tracy Steam Plt. Sparks 135 F 

25 G 

Fort Churchill Yerington llO F 

Steam Plant 

Southern California Mohave Near Big Bend 1210 F 

Edison Co. 

Al-60 



EPA REGION X 

Region: Alaska, Idaho, Oregon, Washington 

Region Office: Portland, Oregon 

Utility 

Fairbanks Municipal 
Utilities System 

Chugach Electric 
Association Inc. 

Golden valley Electric 
Association Inc. 

u. S. Air Force 

U. S. Army 

U. S. Navy 

Utility 

Potlatch Forests Inc. 

ALASKA 

Plant 

Fair Banks 

Kink Arm 

Fairbanks 

Healy 

Elmendorf west 
Elmendorf Central 
Fort Wainwright 
Eielson 
Clear AFB 

Ft. Richardson 
Ft. Greely 
Port Whittier 

Kodiak 
Adak 

Plant 

Lew ins ton 

IDAHO 

Al-61 

Location 

Fairbanks 

Anchorage 

Fairbanks 

Healy 

Elmendorf 
Elmendorf 
Near Fairbanks 
Eielson 
Near Nenana 

Anchorage 
Ft. Greely 
Portage 

Kodiak 
Adak 

Location 

Lewinston 

Gen. Capacity 
MW 

8.5 F 

7.0 G 

14.5 

9.5 
17 .5 
22 

22.5 
9.0 

23.5 

10 

22.5 

18.0 

2.0 

6.5 

4.0 
15 .9 

Gen. capacity 
MW 

10 

F 

G 

F 

F 

F 

F 

F 

F 

F 

N 

F 

F 

F 

F 



EPA REGION X 

OREGON 

Gen. Capacity 

Utility Plant Location MW Type 

Pacific Power & Light Co. Lincoln Portland 35 F 

North Bend North Bend 15 F 

Astoria Astoria 8 F 

Springfield Springfield 5 F 

Portland Gen. Elec. Co. Station L Portland 75.5 F 

Eugene Water & Elec. Board Eweb Eugene 25 F 

WASHINGTON 
Gen. capacity 

Utility Plant Location MW Type 

Seattle Dept. of Light. Lake Union Seattle 30 F 

Georgetown Seattle 22 F 

Tacoma Public Utilities-
Light Division Steam Plant #1 Tacoma 9 F 

Steam Plant #2 Tacoma 50 F 

Pacific Power & Light Co. Centralia Centralia 700 F 

700* F 

Public Utility Dist. No. 1 
of Cowlitz County Long View Lewis River 26. 7 F 

Public Utility Dist.. No. 1 
of Pend Dreille Co. Box Canyon Lone 77 .2 F 

Puget Sound Power & Light Shuffleton Renton 87.5 F 

Washington Public Power 
Supply System Hanford Hanford 860 N 

1J35* N 

Al-62 
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Cl-£MICAL WASTE CHARACTERIZATION 
PLAN! OOTA SHEET 

PLANT COOE NO. Ol08 
CAPACITY: 898 MW TABULATION BY: __ __,S..,,C::.._ _____ _ 

FUEL: Nuclear DATE: --=-----;4~--=3:..:0;...-....:7-=3--~~-
AGE OF PLANT: Under construction SHEET NO . ..!_0F ___ 1 _______ _ 

A B l c I D 
LIMlt-1JolPlalRls 

PARAMETER 
INTAKE ... [. 

WASTE STREAM 
BLOWOONN 

'c';,.~I· EX~ BOILlR [\NO- COOLING ~: ia»L PILE BOILER AIR PAE- BOILER !ASH PONO ~TIOI v:i:: SANITARY ~'t..i:i: 

I fl.OW 

WAST£S 'MlStts RA.TOR TOWCR WATER ORANAGE: TI.8£S HEATER FIRESIDE OVERFLOW DEVICES DRAIN$ WASTES CONTROL 
..-.P==-=-'"T.M;;'/9!"-=r===r===f===j===l==='\===*=="'1==== ;=- ~ -----=,=- -~ r"o~ -c~~;4===*===i====I 

lnh 72 2434 
2 TEMPERA1UR£ •c 

3 ALKALINITY 
AS C.CO. 

4 BOO 

5 coo 

6 TS ~ 57 
7 TOS "Z 45 
8 TSS 

9 .-AS N r,r il:Q .1 cO.l • 0.1 
10 NITRA1£ AS N "7. 0. 09 0.1 0.1 
II~ ""0.15 0.3 0.2 0.5 
12 Tl.lllllOITY JTU 

'13 r&:Al IDURJllM HIV .._ 
14 ACDTYASC..CO, ~ 

15:~~"5t' Hl 

16 SU.FATE 

'"° 
5 41 8 49 

17 !U.FITE ",'( I 

18 BROMIDE I~ I I 

19 CHlCIRllE ~ 5 1 8 9 
20 FUJOAIDE ~ 
21 ALUM- t.Z 
Z2 B~ ~7. 0.05, 0.05 
23 CHllOllllM :".t I 

24 ttFPEll :·x 
25 IAON '";.' 300 0 400 400 

26 LEM> "'!i:' 
27 -SAM "'7. 1.25 1 2 3 

28 ..........:SE 11o,z 110 0 220 220 

29 MER(- l•;t 
3Q NICKEL I";/' 
31 SELEMUM ·x r--- ----
j2 YN<AOllM "J( 
33 ZINC •Jc 
34 OIL & GREASE IMJ.-

35 PHE"°'-5 "'7. 
36 SURFACTANTS "'Jc 
37 ALr~CIOES "Jc 
38 SODIUM "Z R 18 0 ') 13 31 

39 FREQUENCY ·" ....... 

--1--------- --

R E M A R K s 
Data "~"~ce: Final Environmental Statement 

nn; ~-~ C'+-!:to+-.eio~ A .... ""rn;,... 1:1 -· n.---.1aai h.n 

Dated, June 1972 

": J:.St:J.ma\..da "~"""'x ........ _ •• 1,,..:.., ............ i... ............... _. ....... u.a. 

;n .1 i-- w;::i.t-p.,.. n; __ ,_ ____ +-;.. +-ho 

Chattahoochee Ri .. 0 r 
D· 'Cl--- ....... ~.:tl'ft 1t-,.....,.. h1-·-•~ .... 1'.l''l"'l 

0: Total in discharae ------

""' : Demineralization reaeneration waste 

A2-l 



Cl-£MICAL WASTE CHARACTERIZATION 
PLANT PATA SHEET 

PLANT CODE NO. 0107 CAP.ACITY: 568 MW 15741 MW Hr/day) TABULATION BY 1 -~ ...... --------
FUEL: Coal DATE: --"'4_-=.l.;<.9-_7'-'3..._ ________ _ 

AGE OF PLANT: SHEET NO. _l OF_~2~-------

A B c D E F G H I J K L M t·I 0 p Q R s 
WASTE STREAM 

PARAMETER Tr:P~ /~~NT BLOWDCM'N CLFAIJING 

INTAKE CLARIFI- ION EVAPO- COOLING 
C(N)ENS 

CQt.L PILE BOILER AIR PRE- BOILER ~SH PONO 
AJR YARO & SAMTAR'I' NUCLEAR 

CATIOll EXCHAAGE BOILlR COOLtNG POLWTIOI' FLOOR REACTOR 
""1'ER 

WASTES WASTES R.<IOR TOWER WATER ORAJNAG: lUlES HEATER FlRESIDE OVERflDW DEVICES DRAIN~ 
WASTES CONTROL 

=-- - ..:.=-= _:._ ~-:'.'.........;..:.; "-----
M/ 

·--,-
I FLOW DAY 1?7?fi 2726 

2 TEMPERATURE •c 

3 
ALKALINITY 

~ AS C.tCO ., , 11 

4 BOD M{' 
1 1 

5 COD Mt 
7 ? 

6 TS Mx 91 93 

7 TDS Mt 78 83 

8 TSS M.f 11 10 
9 AMMONIA AS N ~ 0.33 0.06 
10 NITRATE AS N MJ.' 

11 11Q 0.08 
II 

PHOSPHORUS ".t AS P n ?q 0 
12 TURBIOITY JTU 

! 13 FECAL COLIF~M 
N(l,/ 

OCM. 

14 ACIDITY AS (A(O, Mz 
15 TOTAL HARDNESS ~.z AS C.CO 

16 SULFATE M.t n i 0 
17 SULFITE Mx 

I 

18 BROMIDE ~ ! 

19 CHLORIDE Mk 7 12 

20 FLUORIDE M,'{ 

21 ALUMINUM t.Z 
22 BORON "Z 
23 ChllOMIUM ;-,z 

" 40 
I ( 40 

24 COPPER i',Z / '111 ( 40 
25 IRON 'Y 180 2100 -

26 LEAD ":C 
27 MAGNESIUM "{ 
28 MANGANESE "X 
29 MERCURY "X 
30 NlCKEL 'X : 

31 SELENIUM "X ----
32 VANADIU114 'X 
33 ZINC 'J( L 10 30 
34 01L & GREASE M7. 
35 PHE'llOLS 'X ( 1 24 
36 SURFACTANTS Mk 
37 ALr·ICIDES Mx 
38 SODIUM M.{ 
39 FREQUENCY 'It" 

"'" 
-- --- -- -- -- -- -- -- ------ ------ -- -- -- -- --

I ~ --,_ ------ -- -- -- -- ---- -- -- ---- -- -- --

R E M A R K s 
ln;it-;i c:,.-,, ,..,..., • rorn" of Enaineers discqarae 

application --
rbt-orl Tnno ?Q 1 q21 

----

A2-2 



Cl-EMK:AL IJASTE CHARACTERIZATION 

PLANT CODE NO. 0107 
PLANT D;TA SHEET 

CAOOTY:,228_MW -5741MW Hr./Day TABULATION BY• __ ...;s;;..;c;..._ _____ _ 

FUEL: Coal OATE•~~~~~--'5~-~2~-~7~3'--~~~~~ 
fll'£. OF PLANT: . SHEET NO. L_ OF _ _.2(:._ ______ _ 

A B c 0 E F G H I J I K L M I N I 0 p Q R s 
WASTE STREAM 

_'!JI': t.I'! BLOWOONN PARAMETER ·-· M>N CLFAl~ING 
INTM<E CLAAIFl· ION 

EW'O- cO«NS 
iallL PILE AIR YARD & NUCLEAR CATICN EXCHANGI CDOLING BOil.Ei! AIR PAE- BOILER !ASH FOt.o SANITARY wortR llOILlR COOLtNG AlLWTO FLOOR REACTOR WASTES ""S'ltS RATllR TOWrA OAU<AGE 'II.II($ HEATER F"€5<0£ OllERFIDW WASTES WATER OEVICES ORAIN-:j CONTROi. 

I FLOW M/ (Gl) ·-
127°26- ---== --=·- ~" ~"'~ no• 

2 T£MP£RA1URE •c 

3 ALKALINITY ~ 16 14.5 0 0 AS'·~ 0 1.0 
4 BOD 

..... 
5 coo 

6 TS I• 105 93 4500( 287 4200 ~870( 
7 TDS "t 82 73 4405< 275 90 460 
8 TSS M9,- 23 20 95( 12 4110 ~8290 
9 /iillllCHA.AS N ~ 
10 taTMTE AS N i7. 
II~ ~ 
12 TUAlllOITV JTU 

: 13 FlL'L CDU'°"' ~ 
14 AClllTVASC.Cl>, ~ 2.5 3.1 2781( 56 5 139 
is!~~ ~ 
16 SIJl.FATE "t l6.l 18.3 2192( 146 32.9 225 
17 !ilflTE ~ I 

18 BAOlllDE ~ 
19 Cl«.ClAIJE r'J' 
20 FUJOAID( l"J; 
21 AW- rt 650 750 (H21 5950 5600( (R21 

22 80- ~ I 

23 CMIOlllUll l"% 40 I 40 ':100 4n 1n 11-,nn 
24 COPPER "X 40 40 3400 100 30 5100 

. 25 ·- "'-' 450 850 H25) 600 (Q25) (R25) 
26 LEAD z 
27 MACMESIUll "''-' 
28 MANGANESE ~ 
29 YEACl.llY ·:c 40 40 40 40 10 100 
:3() NCKEL 1·.} 
31 SELEMUll 'X I 
32 VANAOIUll ·.z ! 
33 ZINC ·x 50 55 2300( 100 10 2750 

34 Oil & c.llEASE "7. 
35 Pl£"°'-S "7. 
36 SURfACTANTS "'x 
37 AL"CIDES "?c 
38 SOOP.JM ~ 
39 FREQUENCY 

Y(' 

""' 

I= -- -- ------ ------ -- -- -- -- ---- -- -- --
-- -- -- -- ~- -- -- -- -- -- --

R E M A R K s 
Data Source: Chemical Analvsis of +-'ho i:::a--'--

Collected during Burns & Roe visit 

-- --
0: Ash Pond Bottom Ash In 
R: 11.,i, o~""' _., 11.,h Tn 

Gl. 1 c;c; /lnO} R21: 1.1 UO"l 
H21: 825 000 R?c:;: 7 . c; 11ot>1 

H25: 93 (100) -----
O?c;: 11 ? nnn 
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PLANT CODE NO. 

A 

PARAMETER 
INTAKE 
WATER 

I FLOW M/ 
DAY 

2 TEMPERATURE •c 

3 ALKALINITY "JC 49 AS Ct.CO 

4 BOD Mt 
5 COD "Jc' 
6 TS M.{' 

146. 
7 TDS Mz 
8 TSS M{ 

9 AMMONIA AS N M;r 
10 NITRATE AS N Mz 
II PHOSPl-mUS "Jc AS P 

12 TUR8101TY JTU 

'13 FECAL COLIFORM 
NQ,/ ·-14 ACIDITY AS C.t.CO, Mz 

15 :~T:.~RONfSS ~x 76 
16 SULFATE M.z 12 
17 SULFITE "Jc 
18 BROMIDE "t 
19 CHLORIDE ·z 17 
20 FLUORIDE Msr 
21 ALUMINUM t-z 
22 BORON "z 
23 CHFi'OMIUM "X 
24 COPPER ~-x 
25 IRON '): 150 
~-

26 LEAD ~z 

27 MAGNESIUM M,z 4.1 
28 MANGANESE "Jc 35 

29 MERCURY "Jc 
30 NICKEL "X -

31 SELENIUM "5( -----
32 VANAOtUJ.4 "5( 

0111 

B c D 

WfRER TRi'° MENT 
CLARIFI· ION 
CATICN EXCHAf'.U: BOlU:.R 
WASTES WASTES 

i 

i 

CHEMICAL WASTE CHARACTERIZATION 

E F 

BLOWDCWN 

EVAPO- COOLING 
RAT OR TOWER 

I 

I 
' 

I 
I 

i 

I 

PLANT DATA SHEET 
CAPACITY: 1300 MW 
FUEL: Coal 

AGE OF PLANT: Units 1-4, 1955 
Unit 5, 1965 

G H I J K L 

WASTE STREAM 

CLFAhJING 
CCWENS ka<L PILE B<>LER AIR PRE- BOILER ASH PONO COOLING 

WATER DAAINAGE TUJES HEATER FlRESIDE OVERFLOW 
--· =--

?77P. 

275 -~ 

442 
418 

24 

<"25 

359 
105 

' I 

il.4.5 

590 

0.3 
15 

33 ZINC "X I 

- ~-- -· 
34 OIL t GREASE ".Z 
35 PHE"JOLS "X 
36 SURFACTANTS "x 
37 Alf·ICIDES "X 
38 SODIUM Mz 
39 FREQUENO 

Y("' 

/YR 

--- --1- ---- --- -- -- -- -- -- --- --

-- --~ --- -- -- -- --· -- --
i 

REMARKS 
Data Source; Renart on "Review of Wastewatei Furnace Tvoe 

L: Flv ash is collected from «tack aases with Bottom ashes % 
,__ ___ __,m,,,e~c~h~a-n..,,ical or electrostatic prec ipitatnr~. en~ 1 ~~ha" .. 

Fly ash and ash from the furnaces are sluicec 
into a 45 acre settlina nond. The ash 
settles out in the pond and the sluice water 
returns to the Tennessee River. Also in-
eluded in the sluice water is coal dust 

A2-4 

TABULATION BY: ___ L~S~-------
OATE: ______ 4_-_1~8_-~73"-----~ 

SHEET NO . .!__ OF_~l _______ _ 

M l·I 0 p Q R s 

AJR YARD & SANITARY 
NUCLEAR 

POLLUTIOll FLOOR REACTOR 
0£VICES DRAINS 

WASTES CONTROL 
'-----~·-...=. ·..;;.:...:..:...... -

-- -- -- ~- -- -- --
-- -- -- -- -- -- --

Pulverized 

1? nnn "'-
25% 

----



PLANT CODE NO. 0112 

PARAMETER 

I FLOW M/ 
1,,.y 

2 TEMPERAlURE •c 

3 
ALKALINITY ~ AS C.CO. 

4 BOO Mt' 
5 coo \Mz 
6 TS Mo/ 

L 

7 TOS M{ 

8 TSS M{ 
9 AMMONIAAS N ~ 
10 NITRATE AS N 1117 

II A«l5PIOllJS r,r AS p 

12 TURB1()11Y JTU 

.13 FECAL COLIR::RM N<V ....... 
14 ACOT>' AS C.CO, !~ 

15 :~~i"J..' 
16 SIA.FATE "{ 
17 SlA.flTE ~Jc 
18 BllOMIOE ~ 
19 CHI.OR()[ IM,f 
20 FllJOA1IJE ~ 
21 AWMIUI ·z 
l2 BORON ~z 
23 Cl410Mll ... ·z 
24 (OPPEi> ·x 
~ lllON -Y. 
26 LEAD ~:c 

27 tJA(,N[SIU .. "7 
l 

28 MAl<GAN£S£ '•.t 
29 M[R(IJl?r ,'Jc 
30 NIO<a '} 
31 SELENIUM ·x 1---- ----
32 VANAOtlM "',Z 
33 ZINC ·;r 
34 OIL ~ GREASE "'7. 

A 

INTAKE 
""1ER 

' 

' 

I 
I 

I 

i 
i 

B c D 

CLARIFl- ION 
(A1lCtj EXCHANlE BOILlR 
WAST£S WlST£S 

i 

I 

: 

I 

I 
I 

i 
I 

I 

E F 

Cf-£MICAL WASTE CHARACTERIZATION 
PLANT OAlA SHEET 

CAPACITY: 1978 MW 
TABULATION BY : ----::;L,,,S-:-=---==------
DATE: __ :--__ ___:4_-=18=--7~3:__ ___ _ 
SHEET NO . .];___ OF __ l ______ _ 

L I M H I o I " I o I R I s 
WASTE STREAM 

BLOWOO.VN CLFANING 

BOILER ASH POND AIR YARD & SANITAR'f' NUCLEAR 

f"lAESJDE OVERFtDW ~(~~ ~:NRS WASTES ~~: 

---1-1-t--+·---t----jl7~S::!:_l~6-Et---------+=--~---+~----~--+-·::::r:::r:::r:_=j 

=- \°°LING ~1~ icooL PILE BOILER AIR PRE-
OWtR WATER DRAINAGE l\.8ES HEATER 

73.1 

246 
210 
36 

I 

! <25 
I 

' 
I i 

I 1143.' 
! 

l 
i 84 ·' 
! 

' 
' I 
' ' 
: 
I 

' I 
; I 

I 
I 

350 

13. 25 
70 

~t-----1'..-'"'-1~--I 1~-r--t----t--+---+---+--+--+----1--t---t----t--+---+---+---l----l 

--1--1-=-------=-
R E M A R K s 

Data Source: Renert on "Review of wastewater Furnace Tvue Pulverized 

Control Systems" ---
N .. ~i-.or nf Tin it-" 8 
Coal Consumction/Dav 17.900 Tn. 

----
' L: Flv a"h i" collected from stack na<:es of Unit· 

~_ ... .._ __ 
a"ho" .. '<;% 

1-6 with Cyclone ash collectors. Unit 7 & 8 Coal ashes % 17% 

' 
are eaui~~d with electrostatic ~recinitators 
Fly ash and ash from the furnaces are sluiced 

into a 65 acre settlina pond. The ash settlei 

A2--S 

out in the nond and sluice water returns to 
the Tenneo:see Riv"r uia Wi--'~w" Cr00

", 
Al"~ 

---

in~Ife-reJ~cts"aMut'i.nfrequenHy'i0Mi'.ig~"c1eaning solution. 
PY 



Cf-£MICAL WASTF_ :.l-IARACTERIZATION 
Pl ANT PATA SHEET 

PLANT CODE NO, 0413 CAPACITY: 2310 MW TABULATION BY: ___ s_c _______ _ 
FUEL: Coal DATE: _____ ~5~-~2_-~7~3 _____ _ 

AGE OF PLANT: _______ _ SHEET NO . .l...._ OF_ .... l _______ _ 

A B c D E F G H I J K L M t·I 0 " Q R 5 

WASTE STREAM 

PARAMETER T~t! WNT BLOWOO.VN CLFANING 

INTN<[ CLARI Fl- ION EVAl'O- COOLING CCWENS <DO.L PILE BOILER AIR PRE- BOILER ~PONO 
AIR YAl<l & SANITARY N<KLEAR 

CATXlll EXO<Ala BOlillA COOLING POlWTKJI FLOOR REACTOR 
wq[N 

WASTES WASTES RATllR TOWER WATER OllAf<AGE TLeES HEATER ARESIO£ O\IERFUlW 0£VICES DRAIN> WASTES CONTROL 
--- =-- -- ..;.;-====- =--...:.....:: ;cco~ --- -

I FLOW M•/ 5113 DAY 

2 TEMPERATURE •c 

3 ALKALINITY "'9( AS C.CO 

4 BOO Mt 
5 coo "t 
6 TS M.z 
7 TOS ·z 
8 TSS Mz 
9 AMMONIA AS N "J( 
10 NITRATE AS N "'Z 
II PHOSPHORUS M..t AS p 

12 TURBIOITY JTU 

'13 FECAL COLIFORM """ """' 
14 ACIDITY AS C•CO. "Z 
15 'TOTAL HARCN.SS ~x 2580 AS CA.CO 

16 SULFATE ~ 5821 

17 51..A..FITE Mx 
18 BROMIDE ~ ' 

19 CHLORIDE "t 1221 
20 FlUORIOE "){ j 

21 ALUMINUM tz 
22 SORON ",Z : 
23 CH~MIUM 1·.z I 

24 COPPER ·x . 
25 IRON "9:' ! 
~ 

26 LEAD ·z 
27 MAGNESIUlil "3,: 1580 
28 MANGANESE .:r 
29 t.4ERCURY ·;.: 
30 NICKEL ·,r I 
31 SELENIUM ·.z I ----
32 VANADIUM ·.z ! 
33 ZINC ·x I 

- -~--

34 OIL & GREASE M7, 

35 PHE,OLS ~x 

36 SURFACTANTS "'x 
37 All•ICIDES "x 
38 SODIUM ".{ 2409 
39 FREQUENCY 'It 

rYR 

-- =I= -- -- -- -- -- -- -- -- ------ -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- -- --

R E M A R K 5 
Data Source: Draft Southwest Energy Study, 

Water Pnllntion ac:n<>ctc: Office of 
Water Proo rams Office of Research 
anr> M~nH·~~·nn EPA 

__E_!_ Raw makenp water_ \!lil L be pumped__ _ _ _ 
to _a lime soda softenin_g__syst~_.eri~ ___ 
to introduction to the plant coollnq svstem. 

----

A2-6 



Cf-£M!CAL WA.STE CHAP.ACTERIZATION 

~LANT CODE NO. 0506 CAOCl~~b°i! 9-W!~ TABULATION BY 1 -----'S~t,._ _____ _ 
FUEL: Nuclear DATE: ______ __;4

1
-_..3,,.0_-_..7_..3.__ ___ _ 

AC£ OF PLANT: Under constructio~HEET NO . .l..._ OF __ =l _______ _ 

L I M I f.J I 0 J. p I Q R I s 

INTAKE 
'""EA =- [Xc::.a BOILlA E\W'O- COOLING ~;~ ~L PILE BOILER AIR PflE- BOILER ASH PONO ~TIOO ~-::: SANITARY ~'t~: 

WASTrS .... srrs RATOA TOWCR WATER DAo\1NAGE l\.llES HEATER FIRESIDE MRFIDW DEVICES -·· WASTES CONTROi. 
..--F===-=r.:'1"5'fr-==r=='j====j===r===r-===r=='T===I==*-~--- =----=,== ~~"'~ -.-::=-~~-~ ~-=*===F===l 

165 
711 4 

i 13 FB'.Al COLIFOllM ~ 

l-'..:15~-~~~"'-~~~~!1&____;~
1

~7.~L'"'----l---l---_j_---jf----1----t---+----l---f---t--~~--t---t---t--t----t-::-::-t---::-i--1' 
16 SULFATE :"{ 513 1 327 I 20651 
17 SUJITE ~z 34 0. 7 I 

18 BROlllOE ~ ! : 
19 CHLORllE i",t 11 1629• 900 
2Q FUJOAU>E ~ 33 
21 ALUMllUI ·,Z 
22 BORON ~z 
23 c..-1uw ·x I 

24 C<WEA '•Jc 
25 IRON 7-' 0.09 63 
26 LEAD i·.z 
27 MAGNESIUM 1w7 

2 ._Q_ 1158 
28 MANGANESE Ye . 0.06 .. 0.03 
29 MERCURI' ·~ 
3Q lfCKEl '} 
31 SELENIUM ·x -----
32 VAHA01lM x 
33 ZINC ·x 
34 OIL t GREASE ".Z 
35 PHE"«>LS "7. 
36 SURfACTANTS "'x 
37 ALr.1C10ES "'}( 
38 SODIUM ~ 156 11571 72 6 

39 FAEQUENCV 
.,c, ,.,. 

--1--------- --

R E M A R K s 
Data Source: Final Environmental Statement 

u.s. A"'~~~ Enerav Comm'"sion 
n.:a+-"""A - - 1 Q7? 

0: Turbine Condensate Demineralizer 
C: u ... '1.-. ... - 'l'd.=i.f-or rv....,inA,,..;::iil .;,.,,..,.. 

R• "".L..--- ,..~noY";::ii+-,.....,. R1 
, ___ 

Estimated Discharqe Comnosition --- --
11111 n,,+-,, ~" l'"'- /rla.,l 

A2-7 



PLANT CODE NO. 

A 

PARAMETER 
INTAKE 
WATER 

I FLOW M'/ 
7848( DAY 

2 TEMPERATURE 'c 

3 
ALKALINITY 

~ AS C•CO 25 
4 BOD MY: 
5 COD MJ( 
6 TS MJ( 
7 TDS Mz 58 
8 TSS Mz 
9 AMMONLA AS N MZ' -
10 NITRATE AS N Mz 
II PHOSPHORUS ":t <l AS P 

12 TUR8101TY JTU 

'13 FECAL COUFOQt.4 N(l,/ 

"""" 
14 ACIDITY AS (A((\ Mt 
15 TOTAL HARDNESS ~x AS Ur.CO 

16 SULFATE "{ 7 
17 SULFITE MJ( 
18 BROMIDE 'Yc 
19 CHLORIO£ Mk 3 

20 FLUORIDE "JC -
21 ALUMINUM 'Z -
22 BORON "!{ !CO .1 
23 CHFi'OMIUM (,Z 
24 COPPER ~-,z 
25 IRON "9( 
-

~z 26 LEAD 
~ 

27 MAGNESIUM "7. 2 
28 MANGANESE 'X 
29 MERCURY ':C 
30 NICKEL l'X 

1-- 1--

'X 31 SELENIUM 
----

32 VANADIUM 'X 
33 ZINC 'X o.o, 
f-- ~-----

34 O!L t GREASE M{ 
35 PHE"JOLS 'X 
36 SURFACTANTS "X 
37 AL(·ICIOES "x 
38 SODJUM Mz 2 
39 FREQUENCY YCo 

/vR 

--

--

Data Source: 

0640 

B c 

Trl'~ ~NT 
CLARWI· ION 
CATICN EXCHAflGE 
WASTES WASTES 

-- --

--,_ 

D E F 

CHEMICAL WASTE CHARACTERIZATION 
PLANT DATA SHEET 

CAPACITY: 913 MW TABULATION BY: ___ s_c _______ _ 
FUEL: Nuclear DATE: ______ 4_-_3_0_-_7_3 _____ _ 

AGE OF PLANT:"Qp.dez; Con!?tU!f~On C.HF.H NO. _LoF_-=2'----------

G H I J K L M H 0 p Q R s 
WASTE STREAM 

BLOWDONN CLFAl,ING 

EVAPO- COOLING C!WENS {00.L PILE BOILER AIR PRE- BOILER ASH fl()t-IO 
AIR YARD & 

SANITARY NUCLEAR 
BOlllR COOLING POLWTIOI FLOOR REACTOR 

RATOR TOWER WATER DRAINAGE 1\JBES HEATER FIRESIDE OVERFLOW DEVICES DRAINS WASTES CONTROL 
-- -·-- ~-- ---== ~-·..:;__;: r=-::__;,.;; ---

14497 

27 

•1::800 

11.f; 

2 

431 I 

I 
: 

41 

0.3 

U.700 

c:: 1 
I 

28 

I 

! 
I 

0.3 .. 

39 

-- -- -- -- -- -- -- -- ------ -- -- -- -- --
---- -- -- -- -- -- -- -- -- -- -- -- -- -- --

R E M A R K s 
Final Envirorunental Statemen't 
TT .<: At- ......... ;,... "[;',,...,.. ............. r'nmm..:,.. ... ;nn --March 1_973 

Anticinated Discharae Comoosition 

--··--

A2-8 



PLANT CODE NO. 

A 

INl'AKE 
IWITtA 

0640 

BLO'M:lONN 

Cf-£MICAL WASTE CHARACTERIZATION 
PLANT Dl\TA SHEET 

CAPACITY: 913 MW 

FUEL: Nuclear 

AC£. OF PLANT:-------

TABULATION BY' _..:5...:c_........,.. ______ _ 
DME: ___ __:S~-~2~-~7~3 ______ _ 
SHEET NO. _2 OF_..::2 _______ _ 

L I M I f·I I 0 I p I Q I R I s 
WASTE STREAM 

CLFAl~ING =- Exe::.. BOILlA EVAPO- toclLING ~: m.L PILE B<l<LEA AIR PAE- BOILER ASH P0t..o ~TIOI> ~-::: SANITARY ~'t~: 
WASTES WlSTES RATOA TOWl:R WATER lll!AtlAC£ Tl.eE'O HEATER FIRESIDE O\'ERfLDW DEVICES DAAlNo WASTES CONTROL 

.--F==-=--r.;r,'*"'"--=t-==""'=1i===f===r==j===f===r==f===F-·=· .. ~ o-- -·-~i'-=- ~r-"~·----~==*==P=~==i 
4906 

21 210 
10 0 
10 0 
SS 7SO 
so 700 

:lU 

0.2 

10 MTAAT£ AS N .. 0 • OS o.s 
II~ "0.06 0.6 
12 TUA8101TY JTU 

i 13 ra:AI. tllllRlRM NCV .... 
14 M:OTYASC.CO, ~ 
15 :'s"'r..~ ~ 31 310 
16 SIA.FATE ~ 2.S i 418 i 
17 Sl.UITE "'X I 
18 BACUID£ ~ ! I 

19 Otl.OAllE w,r 
~ 'In 

20 FUJCllllDE ·~ 0.27 0.3 
21 AW- ·z soo 1133 
22 SORO>I z o.os I o.s 
23 C""'°'IUM ·t 12 I 120 
24 CCPPEA ·t 174 1740 
25 IAOH ~ 116 1160 
26 LEAD ·z 
27 MAGHESIUM "7. 3 30 
28MANGAHESE ~ so 120 
29 MEACUIY ·;c 1 l.S 
3Q MCKEL ·x 8 80 

31 SEl.ENJUM "J( 
32 -..o .... "J( 
3.3 ZINC ·x 2S 2SO 
34 Oil 4 GREASE "'~ 
35 Pt£'«>LS i.x 
36 SlJIFM:TANTS 1"J( o.o 0.22 

I 
37 Al<dCIOES ~ 
38 SODIUM ~ 4 40 
39 FREQUENCY ~ --1------

1-
---------------------

R E M A R K s 
n.::1+.!:11 ~-.. .. -,,.. .... ! 

,... ____ nf 
En-~----~ A ", .:~..s.f-1--

dated Januarv 1. 1972. 

---·---

A2-9 



PLANT CODE NO. 0801 

A B c 

PARAMETER 
W~ER TRF. MFNT 

IN"".6.KE 
CLAAlFf- ION 
CATICJll EXCHAllGE 

WATER 
WASTES WASTES 

I FLOW M'/ 
DAY 

2 TEMPERATURE •c 

3 ALKALINITY '19( AS C.t.CO 

4 BOD Mt 
5 COD "J( 
6 TS M.z 
7 TDS 

MG, 
{ 

8 TSS "{ 
9 AMMONIA AS N MJ( 
10 NITRATE AS N "t 1 1 

II PHOSPHORUS ",Z tn n AS P 

12 TURBIOITY JTU 

'13 FECAL COLIFORM NQ,/ 
()CK 

14 ACIDITY AS (A.(Oi, "JC 
15 TOTAL HARDNESS ~x AS Ct.CO 

16 SULFATE ",Z 17 h i 

17 SULFITE M.z (1 I 
18 BROMIDE ~ ' 

19 CHLORIDE ".it 
20 FLUORIDE ".{' 
21 ALUMINUM t.Z 470 

22 BORON ".Z 
23 CHROMIUl.I :'z <. in 

24 COPPER :-;r < , n 
25 lf>ON -- ,'Y A<lO 

26 LEAD ~z 

27 MAGNESIUM 1·~ 9.6 
28 MANGANESE l"Jc 
29 MERCURY "5( 
30 NICKEL 

- ",Z ( 1() 

31 SELENIUM 'Jc -----
32 VANADIUM "Jc 
33 ZINC 'X - --··--
34 OIL t GREASE "t 
3~ PH["JOLS 'X 
36 SURFACTANTS "z 
37 Alf·ICIOES "5( 
38 SODIUM "3( 20 
39 FREQUENO 

Y('' 

/vo 

--- -~1- -
-- -- ---

I 

0 E F 

CHEMICAL WASTE CHARACTERIZATION 
PLANT DATA SHEET 

CAPACITY: !In it 5 · 184 MW 

FUEL:_-'-'<.lCL.L-------~ 

AGE OF PLANT: _...,9'-'>'Y .. ~4a..._r.,_:;; ___ _ 

G H I J K L 

WASTE STREAM 

SLOWDOWN CLFAIJING 

EVAPO- COOLING CCNJENS CDAL PILE BOILER AIR PRE- BOILER ASH POND 
BOILl:.R 

RATOA 
COOLING 

HEATER f"lRESIDE OVERFlOW TOWER WATER ORAINAGE TUBES 

-- =--

I 

I 

: 

I 

I 

I 

I 
I 
I 

I 

- -- - --- -- --- ---- -- -- -- ---

--- --- -- --- -- --

M21: 550 (10 

A2-10 

TABULATION BY:-=-:----""~-------
DATE: __ 5_-_3_-7_3 _________ _ 

SHEET NO. ---L OF_~--------

M t·I 0 p Q R s 

AJR YAAO & SANITARY NUCLEAR 
POLL UT Kl> FLOOR REACTOR 

DEVICES DRAIN:. WASTES CONTROL 
---=~~ _:._~-=--.....::....::.-

f;c;,i 

'" 1 

42 7 

l391E 

<l 

IM21 

1 .:nn 

1616 

390 

1133 

' 

30 J.E 

--- -- -- -- -- -- --
-- -- -- -- -- -- --



Cl-£MK:AL MSTE CHARACTERIZATION 

PLANT CODE NO. 0807 
PLANT C\6.TA SHEET 

CAPACITY: 330 MW TABULATION BY: __ ...!S~C:...._ _____ _ 
FUEL: N!mlear OATE: ------~4_-.:!3.!:'0_-_...7.:!3 _____ _ 
flf£. OF PLANT:Under construction SHEET NO. _l_oF _ __.::l _______ _ 

A BI c ID IE IF I GI Hl I I JI KIL IM r·1 I o I P I a R I s 
WASTE STREAM 

FAAAMETER -[ 
lllllltll 

I FLOW ,M.:f.. l??'l<; 

2 TEMPEAAl\JAE •c 

3 
ALKALINITY 

'"PC 286 AS C.CD. 

4 BOO .. ~ 556 264 342 

5 coo .. 
6 TS 

l 

7 TOS "-t 932 2154 810 1164 
8 TSS 

.. ,,. 
9 --ASN .. ~ 

o. 72 0.93 
10 NTMTE AS. N 8.4 16.3 44 57 
II PtCl5PlllllUS 

AS p I· 0.2 0.26 
12 TUlll!lOITY JTU 

; 13 F8'.AI. CllUIOIM NCV -f4 ACDTY AS c.ro.:7. 445 576 
15'!,~~ l"L' 458 890 100 241 
f6 SIA.FAT£ r,c 390 i 1089 
17 SIA.FITE ~ 
18 -OE ~ 1 I 

19 CK.OAllE 17' "" 109 69 BS 
20 ~ r-r 1.3 2.5 
21 AW- t.t 
22- ~ 0.3 I 0.58 
23 04IOlllUM .·.t I 

24 C<J>PER '"X 
,'Y. I 190 

25 •- 100 >--
0.1 0.13 

26 UAD ·z 
27 MAGNESKAI ~7. <;') 1 nl 31 4C 
281WCiANESE 1-.)t I 
29 M[ACIJIY 'Jc I 
3Q MO<EI. 1·.r 
31 SEU- 'J( : 
P""------

I 32-.. "J( 
-~ 

I 33 ZINC 
t--~-

b.044kJ.05, 

34 Oil t (,ll(AS( 1117, 

35 PtE'«ll.S "7. 
36 SUIF.OCTANTS "x 
37 Al'<CID(S "Jc 
38 SODIUM ~ 120 233 82 106 

39 FREOUENO ~ 

--1---
i 

R E M A R K s 
n .... a Source: Final Environmental statement 

p"' . -- • ,.. -- - ---- ,... ·--- ..... I'!!!; ....... 

""""' ......... ~ A··~·~ .. 1Q72 

n. M,,,,._,,,., "-- C::o _.: --- f•T!:!+-.,,.,,... ("'1,...,...1 ,:_,.... T-·-~-

ll· ,, , . __ c.
0

..,.......,;,... 0 r .. t ... +-oY" ,..,_....,,,: - m-·-·--
.,,_ .. ,_~+-~-" •----~no rnmnns'"'""' nf' "'~charne Streams 

------

A2-ll 



PLANT CODE NO,. 

A 

PARAMETER 
INTAKE 
W<IER 

I FLOW M/ 
DAY 

2 TEMPERATURE •c 

3 
ALKALINITY "JC ri AS c ... co 

4 BOD Mt 
5 COD "J( 
6 TS ".Z 
7 TDS "Z '.:>?C\ 

8 TSS "Z 0 
9 AMMONIA AS N "J( 
10 NITRATE AS N "Z 
II PHOSPHORUS ",Z AS P 

12 TURBIOIT'I' JTU 

: 13 FECAL COLIFORM NCV 

"""' 
14 AC IOITY AS C•CO, "Z 
15 TOTAL HARDNESS ~.z AS C.CO 1 Cl"\ 

16 SULFATE ",Z 117 
17 SULFITE "J( 0 
18 BROMIDE "9C 
19 CHLORIDE ",Z 
20 FLUORIDE "9{ 
21 ALUMINUM t-Z 
22 BORON ·z 
23 CHROMIUM ."X 
24 COPPER :~,z 

25 IRON I~ 7? --
26 LEAD µz 
27 MAGNESIUJ.I i·z 
28 MANGANESE !".{ 
29 MERCURY ")c 
30 NICKEL "% 
31 SELENIUM "X 
~---

32 VANADIUM "X 
33 ZINC ".Z - f-----. - --

34 OIL ~ GREASE "t 
35 PHENOLS "X 
36 SURFACTANTS ".{ 
37 AL(,ICIDES "x 
38 SODIUM ".Z 
39 FREQUENC'r 

'((-., 

/vR 

--

--

Data Sn11rr<>· 

0802 

B c 

TJlt ~~NT 
CLARI Fl- ION 
CATIOO EXCHAl\r£ 
WASTES WASTES 

I 

: 

I 

--- --
-- -

D E F 

CHEMICAL WASTE CHARACTERIZATION 
Pl ANT PATA SHEET 

CAPACITY: 101 MW 
FUEL:Coal-Ojl-N~tural Gas 

AGE OF PLANT:--------

G H I J K L 

WASTE STREAM 

BLOWDCWN CLFAIJING 

EVAPO- COOLING CCNJENS 
[o:l>.L P1LE BOILER AIR PRE- BOILER ASH PONO 

BOILlR CCIOLING 
RATOR TOWER WATER DRAINAGE l\.et:S HEATER FIRESIDE OVERFLOW 

-·· =--

i 
i 
: 

' 

i 

I 

I 
: 

I 

-- -- -- -- -- -- -- -- --
------ -- -- -- --- -- --

R E M A R K 5 
Tnf,.......- ..... ,,,+- 'nn C!l'.,....'ll 'o~ hu Utilitv. 

M. C' -~~ .~ hl~·-·"~·-·-

M?f:;. 19711n.:S1 

A2-12 

TABULATION BY: -~s~c~--------
DATE:-~5_-~3--7~3"----------
SHEET NO. _l._ OF~~--------

M l·J 0 p Q R 5 

AIR YARD & SANITARY 
NUCLEAR 

RllLUTIOll FLOOR REACTOR 
DEVICES DRAINS WASTES CONTROL 
--~ ;:....=:.:: - --~ --

108 

h c.; 11 

<; AQ 

2j5f? 
4983 

0 

fM26 

I 

---- -- -- -- -- --
-- -- -- -- --- -- --

---



Cf-£MICAL WASTE CHARACTERIZATION 

PLANT CODE NO. 0905 
PLANT 06.lA SHEET 

CAPACITY: 600 MW TABULATION BY• ___ ::::S::;:C ______ _ 

D~E: _____ _::5~-=l-_7~3::..._ ___ _ FUEL• Nuclear 

fJC£. OF PLANT:------- SHEET NO. L OF __ :!:.l ______ _ 

A B I c D I E I F I G I H I I I J I K I L I M M I 0 I p. I Q I R l s 
WASTE STREAM ' 

W• t.I'! BLOWOONN CU''ANING PARAMETER l~A M>NJ 
CLARIF"I· ION 

EVAPO- CQ()ENS 
ioJ,t.L PILE AJA v~: s ANllARY N UC LEAR INTAKE 

CAT1CN EXCHA>CA BOlllR (Q()LING c C'IOLtNG BOILER AIRP~- BOILER ASH PONO 
FOUUTIOf REACTOR ¥"1£R 

WASTES ... STES RATCR TOWER WATER DRAIN.IG: 1UlES HEATER FlRESl!lE O\IERFIDW DEVICES DRAIN";; WASTES C ONTROt 
--- =---!-- --==-=- _....:....,;~ _:~-- -I FLOW M'/ 

4c;1 I"°' 

2 TEMPCRATURE •c 

3 ALKALINITY "t AS c._m.. 

4 BOO "f 
5 coo "'r 
6 TS "'-' 
7 TOS M{ 

8 '!SS 

"'"' 9 ..-ASN "St' - 1 n?c; 

10 NTRAT1' AS N "7. - Q.OlR 

II PHOSl'HOR\JS rt D.103 AS p 

12 TU1!81b1TY JTU 

! 13 fe:Al Oll.IFORM NW -
14 ACOTY AS C.CO,, "{' 

15 ~~~!"'--t 
16 SIA.FATE I~ 2.19 55.8 i 
17 SLLFITE t'7c I I 

T 'C I 18 BAOlllOE 

19 CHLORllE rx 11 1.00° 
20 FWOlllOE ~ 
21 ...,_ t.Z 
Z2 eo- 7. L ) • 082 ~ 
23 CHIOllll ... •Jt I 

24 C<FPEll ~·.z 

25 •-
..,,., 

220 229 
26 LEAD "'Z 
27 -sow "7. 4.1 5.56 
28 MANGNESE .![ 
29 MEllW>I' ·;c 
3Q MCKEL ·,r 
31 SELEMUM ·.z I 
~----

32 VANAO .... "J( 
·;r I 33 ZINC 

-~-
34 OIL 4 GREASE "7. 
35 PHEllJOLS "'7. 
36 WRfACTANTS '"Jc 
37 Alr•ICIOES "'Jc' 
38 SOOUM ~ i:; .1 36.3 
39 FREQUENCY ''" ,.,.. 

-- ---- -- ---- -- ---- -- -- --
-- ---- -- -- ---- -- -- -- ---- -- ---

R E M A R K s 
Data Source: Drart Environmental. Statement, 

TT Cl :a..--.:,.. 'C'- .... -- 1"'1 .... - ..... .: oa.: ""'" 

n_.__., "----L 1 Q"7'1 

--

A2-13 



PLANT CODE NO. 1311 

A B c D E F 

Cl-£M!CAL WASTE CHARACTERIZATION 
PLANT PATA SHEET 

CAPACITY: 786 MW TABULATION BY: ___ s_c _______ _ 
FUEL: Nuclear DATE: -------=s=---=l=---'7'-'3'-------
AGE OF PLANT: Under Construction SHEET NO. _!.___ QF __ l ________ _ 

G H I J K L M M 0 0 Q R 5 

WASTE STREAM 

PARAMETER rrl'~ flENT BLOWDCMIN CLFAhllNG 

INTAKE CLARI Fl- ION EVAPO- COOLING Cct.llENS IOO"L PILE BOIL.ER AIR PRE- BOILER ASH PONO AIR YARD & SANITARY NUCLEAR 
CATO/ EX CHAN:£ BOILl:.R COOLtNG POU.UTIOll FLOOR REACTOR 

WATER 
WASTES WASTES RATal TOWER WATER llRAJNAGE TLeES HEATER FIRESID£ OVERFLOW 

0£VICES DRAIN'il WASTES CONTROL 
·- - .=--- -r-==·-....:.....; =.:..:=____::_:_:. -

I FLOW M/ 
111"'1 \ :),369C D~ 

2 TEMPERATURE •c 

3 ALKALINITY "9(' AS C•CO 

4 BOO M{' 

5 coo Mt 
6 TS M.z 

7 TOS M{ 75 239 150 
8 TSS M{ 

9 AMMONIA AS N MJ( 
10 NITRATE AS N Mz 

II 
PHOSPHORUS 

Mt 0 ? 0 i::. 0.4 AS P 

12 TURBl0lTY JIU 

: 13 FECAL COLIFORM 
N(l./ 
1.~ 

14 ACIDITY AS (A(O, M3( 

15 TOTAL HARDNESS ~x 42 84 AS C.CO -
16 SULFATE M,z 5.8 36.4 11.6 i 
17 SULFITE M.z ! 

18 BROMIDE ~ I I 

19 CHLORIO€ Mt 

20 FLUORIDE "9( 
21 ALUMINUM (J( 
22 BORON "Jc 
23 CHROMIUM :·:c I 

24 COPPER :·x 
~ IRON 'Y 350 300 700 
26 LE~ ~z 

27 MAGNESIUM "{ 3.5 2.0 7.0 
28 MANGANESE 'X 
29 MERCURY 'Jc 
30 NICKEL '} 
31 SELENIUM 'X I 
~ ----
32 VANAOIU~ 'X 
33 ZINC 'X 
~ f----· 

34 OIL & GREASE M:t 

35 PHE,OLS '7. 
36 SURFACTANTS v.,z 
37 ALr•ICIDES Mx 

38 SODIUM 

"" 
6.6 64.0 13.2 

39 FREQUENCY ""~ /vR 

-- -- -- -- ---- -- -- ------ ------ -- -- -- -- --
-- --,_ ------ -- -- -- -- -- -- -- -- -- -- -- -- --

R E M A R K s 
na ta Source : Final Environmental Statement 

U.S. Atom1c Energy Commission, 
Dated. October 1972 

Estimated discharge concentrations 

Cl: 136000 

------

A2-14 



Ct£M!CAL 't.ASTE CHARACTERIZATION 
Pl ANT twA SHEET 

PLANT CODE NO. 1703 CAP/IOTY• 766 MW TABULATION BY' ___ sc _______ _ 
FUEL: Coal DATE•-----4~-~1~8_-~73::..._ ____ _ 

Pr:£. OF PLANT•-------- SHEET NO._!_ QF_.::.l _______ _ 

A B I c D I E I F I G I H I I I J I K I L M M I 0 I p I a I R s 
WASTE STREAM 

FAAAMETER 
-~/! ~;.";' BLOWOONN CLFANING 

INTN<E CLARIFI· ION E\llFO- CXXlllNG CCNJENS 
IOO<L PILE BOILEA AIR PAE- BOILER ~ P!lNO 

AIR VAAO & SANITARY NUCLEAR 
CAJl()j EXCHANGI BOILlR COOLING PllLWTO FLOOR REACTOR ""1tR 
WASTES ~ RATCA TOW CR WATER DMINAGE T\.11(5 HEATER FlRESIOE O\IERl'LllW 

I-:~~ DRAINS WASTES CONTROl --- ···=-- ~--~ ....:..:=~-
I Flow '"nt (Al) 122711 
2 TEMPERATURE •c 

3 ALKALINITY 
~ 111 AS r.._m. .,.,, 

4 BOD ".'.' 17 5 
5 COD .. ~ 25 2 
6 TS "X 715 475 

7 TDS "t 577 448 
8 TSS "7. 138 27 
9 AMJ.<lNIAAS N "X 6 3 
10 NITRATE AS N "7. l 0.27 
II PH05PHDAUS .,,, 

0.33 0 AS P 

12 TUR81bl1" JTU 0 0 
13 f"S'.Al. COURlRM ..'::' 
14 ACDTY AS C.CO, ~ 
15:~~ "t 
16 Sil.FATE ~ 42 87 
17 SUJITE "X 
18 BRCMl0£ 'L' 
19 CHLORllE "k 42 57 

20 FLUORlllE ~ 
21 ALUM- t.Z 
22 SORON rz 
23 CHROMIUM r.z 0.02 I 0.03 

24 CCPPER ·x 
25 IRON ~ 
26 LEAD ·z 
27 MAGNESIUM "'7. 
28 MANGANESE "5t 
29 MERC!Rf ·:t 
3Q llCKEL t;t 
31 SELENIUM ·.z 
32 VANADIUM "..Z 
33 ZINC "5t 0.12 O.Of 

34 OIL & GREASE "'7. 
35 PHE"°'-S "7. 
36 SURFM:TANTS "'..Z 
37 AL<·ICIDES M..z 
38 SOOlJM 

'"" 39 FREQUENCY '!(' 
....... 

I= -- -- ------ ------ -- ~- -- -- ---- -- -- --
-- -- -- -- -- -- ---- -- -- --

R E M A R K s 
Data so ... •·ce: National Thermal Pollution Research 

Proqram. conmuter review of EPA 
~ .. ro4-- tr ----:;--: -# - • -- --- r1'4c:irin.::1 .... ,1r.a. 

-
~: J. •. , X J.U_: 

>---

---
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Cf-£MICAL WASTE CHARACTERIZATION 
Pl ANT DATA SHEET 

PLANT CODE NO. 1722 CAPllCITY: 1 2 32 MW TABULATION BY:__...._ ________ _ 

FUEL: Coal & Gas OATE: 4-18-73 
fJC£. OF PLANT: _______ _ SHEET NO . ..l_ OF....._ ________ _ 

A B c D E F G H I J K L M M 0 p Q R s 
WASTE STREAM 

PARAMETER rrl~ ~~NT BLOWDCWN CLFAl~ING 

INfAKE CLARIFI· ION EVAPO- COOLING CCNJENS 
~L PILE BOILER AIR PRE- BOILER ASH FllMl 

AIR YARD & SANITARY MJCLEAA 
CA10I EXCHAIG 8CMLlA COOLING POUUTOI FLOOR REACTOR 

WATER 
WASTES WASTES 

RAlllR TOW CR WATER DRANAGE T\.llES HEATER FlRESIOE O\IERFLOW 
~VICES DRAIN':) WASTES CONTROL 

-- __ .. -::;:::--
~-=-;;:..=--....:.....: ---- - .. -

I FLOW M/ / l!., \ laRA"¥; I DAY 

2 TEMPERATURE •c 

3 
ALKALINITY ~ AS C.CO. RR on 

4 BOO "Y ? n 

5 coo "J( 14 8 
6 TS "t 374 486 
7 TOS ",Z 350 456 
8 TSS MJ,- 24 23 
9 AMMONIA.AS N "J( n , n ? 

10 NITr:lATE AS N "'7. n ~ , "' 
II PHOSPHORUS "t AS P In l l n n· 

12 TURBIOITY JTU ] 11 
113 FECAL COLIFOl>M ~ 

14 ACDTY AS C.t.CO, "' 1o!'"'c..~ ~x n ?c;c; 

16 SULFATE "7c n f;3 

17 SlA,..F'ITE "'.Z I 

18 BROMIDE ~ I 

19 CHLORIDE "X 0 34 
20 FlUORIOE ~ 
21 ALUMINUM :"X 0 150 
22 SORON ~Jc 
23 C"l!OMIUM t.Z I 

24 COPPER !•Jc 
25 ll!ON ~ 

>-· 
n ?Rf 

26 LEAD ·.z 
27 MAGNESIUM "7. 0 2' 
28 MANGANESE J( 0 2( 
29 MERCU'1Y ·:c n 0 
30 NIC•EL "} 0 lC 
31 SELENIUM ·x n I , 

I--- ----
32 VANAOHM ·x 
33 ZINC 'J( n 

I 
30 >--- ~----

34 OIL t c.REASE "7. 
35 PHE"llOLS ·x 
36 SURFACTANTS ·x 
37 AL(·ICIOES ·x I 

38 SODIUM ~ n ?F 
39 F'R[QU[NO 

yt• 

""" 
--=I= -- -- -- -- -- -- ---- ------ -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --

I 

R E M A R K s 
nata ~ource· National Thermal Pollution Research 

Proa ram comnuter review of EPA 
Reaion v C'orns of Enaineers discharai 
oermits. 
r l!., . ? RR v 10~ 

·····--
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PLANT CODE NO. 

A 

~ETER 
INTAKE 
""1tll 

I Fl.OW 1'"nt 
2 TOIPCM1URE •c 

3 Al.kAl.INITY "9( 153 AS C.C:O.. 

4 800 •) 8 
5 COD 40 

6 TS 
L 373 

7 TDS "{ 332 

8 n.s .,,,. 
35 

9 ...c»IAAS N 5.1 
10 t«Tl!Al£AS N 

... 0.2 

111~ I• 11. 1 Q 

12 Tl-"'SIOITY J'TU 9 
I 13 Fl[AI. touRJ1111 NCV ..... 

14 ACDTY AS C.co,:";'. 

15'!~~ rx 103 
16 SU.FATE j,!' 70 
17 Sl.U'ITE r,r 
18~ ~ 
19 CMUlAI)[ ~ 74 

20 FUaU n"' 
21 M.11- t.Jt 0 
22- rx 
23 ,_ .... :·,r 10 
24 Cc:FPEll 1"7. 0 

~ 

,_ .,,, 
0.0 

26 LEAD ".Z 
21-- .. 7. 0 
28 llAHC'.U<ESE "'.Jt 
29 llERC\Rt ·:.c 
30 l«CKEL 1·.} 
31 SELEMUll ·.z ~ -- -
32-... .Jt 
33 ZINC •.Jt 19 
34 OIL & GAl'.ASE MJ,-

35 P>€'10t.S •7, 
36 SIJllfACTANTS "'J( 
37 ALr.c1ocs . ~ 
38 SODIUM ~ 
39 FREOUENO 

Y(' ,..,,, 

--

Data Source: 

.Cl£MICAL Wt>.STE CHARACTERIZATION 

pog PL.ANT D;TA SHEET 
CAPACITY: 690 MW 
FUEL: Oil 

SC 
TABULATION BY:---.-......-...,..,.-------
DATE: __ ---~4--_18_-_7_3 _____ _ 

AGE OF PLANT:-------- SHEET NO.~ OF_~l _______ _ 

B I c D E I F G I H I I I J I K L M M 0 I p Q R s 
WASTE STREAM 

TREA tlFNT BLOWDONN CLFANING 
CLARIFI· ION 

E\llPO· OXJLING tCNlENS 
ja».L PILE AIR YARD & NUCLEAR CAT1CJj EXCHAN'.1 BOILlR CMLtNG BOILER AIR PRE- BOILER ASH FOND 

FOLLUTIOI FLOOR SANITARY 
REACTOR WASTE5 WlSTE5 RATOR TOW[R DAlllNAGE n.eES HEATER ~RESIDE CYllERFLOW WASTES. WATER DEVICES DRAINS CONTROL 

-·- =--· -·-= ==: .. ~...: -~::___;_;.; 

3781 

160 
0 

30 

682 
660 

22 
0 

0.24 

0 
36 

460 

i 104 

l I 

155 

100 

I 

I 10 
20 

I 1.8 

0.2 

I 
: 

: 
I 

' 30 

I 

I 

-- -- ------ ------ -- -- -- -- ----I--- -- --
-- -- -- -- -- -- -- -- -- -- -- -- ------

R E M A R K 5 
l.'lationa.1. Therma.1. Po.L.Lut:ion i<esearcn 
Proqram, computer review of E~A 
Reaion v Corns of Enaineers dischar1e 
no..-mit. 

··---
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PLANT CODE NO. 1711 

A B c 

PARAMETER rrl~ IJ~NT 
INTAKE CLARIFI- ION 

WAIER 
(ATJ(J>j EX CHAI'« 
WASTES WASTES 

I FLOW M/ 
I All DAY 

2 TEMPERATURE •c 

3 ALKALINITY "Z 141 AS C.CO 

4 800 Mt 6 
5 coo MYc 28 

6 TS M,z 381 

7 TOS MP, 
.L 351 

B TSS MJ.' 30 

9 AMMON\A. AS N "Z 4.5 

10 NITRATE AS N ""7. 0.4 

II PHOSPHORUS "t 0.0 
AS P 

12 TURBIOITY JTU 14 

! 13 f'ECAL COLIFORM •CV -14 ACIDITY AS UCO. MJ.:' 
15 TOTAL HAROt6S ~.z 161 AS C..CO 

16 SULFATE ".{ 71 
17 SULFITE ".9( 
18 BROMIDE ~ 
19 CHLORIDE Mx 57 

20 FLUORIDE "t 
21 ALUMINUM i".Z 245 

22 BORON ·.z 
23 CHROMIUM :·-r 30 

24 COPPER ·x 
25 IRON 'Y 672 
~-

26 LEAD •z 
27 MAGNESIUM "{ 18 

28 MANGANESE .z 
29 MERCURY '}L 
30 NlCKEL ·;r 
31 SELENIUM ·.z 
~ ---- ·.z 32 V~AOILM 

33 ZINC ·.z - -· 
34 OIL & GREASE Ml,: 
35 PH'"OLS 'X 
36 SURFACTANTS ·.z 
37 ALi·1CIDES "Jc 
38 SODIUM "z 
39 FREQUENO ''" ;'yR 

--

D E F 

Cf-EMC.AL WASTE CHARACTERIZATION 
PLANT DATA SHEET 

CAPACITY: ll79 MW 
FUEL: ___ C_o_a_l __ &_G_a_s ___ ~ 
AGE OF PLANT: _______ _ 

G H I J K L 

WASTE STREAM 

BLOWDONN CLFAl~ING 

EVAPO- COOLING c£NJENS ~L PILE BOLER AIR PRE- BOILER SH PONO 
Botll:.R 

RATOO TOii/ER 
COOLING 

DRAINAGE Ml[S HEATER Flfe~.l~~~~ WATER 
·-

3256( 

74 

h 

28 
890 

837 
53 

4.5 
1.4 
0.1 

0 

~ "' 
-:ic;7 

I 

I 

78 

245 

I 30 

672 

15 

I 

i 

! 
I 

' 

-- -- -- -- -- -- ---- --

TABULATION BY: ___ __,s,...c-::-::,--.:=-----
DATE: __ -:----74_-_1_8-_7_3 ____ _ 
SHEET NO. _!_ OF ___ l _______ _ 

M t·I 0 D a R s 

AIR YARD & SAMTARY NUCLEAR 
PCllWTIQI, FLOOR 

WASTES 
REACTOR 

DEVICE:. DRAINS CONTROL 
'------= =-== --- ~c'~ 

2650 

'Jnc: 

0 

53 
887 

850 
37 
0 

J.56 
0 

15 

'J71 

AC: 

33 

100 

0 

420 

28 

I 

-- -- -- -- -- -- --

-- -- ---- I= -- -- -- -- -- -- -- ----

R E M A R K s 
Data Source: National Thermal Pollution Researct - ·-- ~ ·-.- ' ,...-1= 'C'n7\ 

RPninn u r,..,_;::__ '""'"' ,, __ • _____ "''o~h~- --
oermits. 

\,!: Ash Pond Overflow Stream~· 

Al: 4.46 x 10" 

- ---
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PLANT CODE NO. 1716 

A B I c 

PARAMETER BLOWDONN 
CLARIFl· ION 

Cl-£MICAL WASTE CHARACTERIZATION 
PLANT DATA SHEET 

CAPACITY:~6~7~6.__ ______ _ 

FUEL: Coal & Gas 
AGE OF PLANT: ______ _ 

WASTE STREAM 

CLFANING 

TABULATION BY'~"---------­
OATE: 4-18-73 
SHEET NO. L_ OF·-L--------

INTAKE 
WOT EA CAnall EXO<AIC.I BOILlR 

WAST£S ,..sm, 
EllAPO- COOLING ~~ ~L PILE BOILER AIR PRE-
RA~ lCM[R WATER DRANAGE 'Tl8ES HEATER 

BOILER f'SH FllND ~'°' ~~: SANITARY :i::~~ 
FlAESIDE OVERfl.OW ~C~ DRAINS WAS TES CONTROL 

I Fl.OW 1'".:t Ill 1 \ 

2 TEMPERATURE •c 
568 

... ~ ··=---·=;=-=· ~~c~-=~'4===l===T===1 
1893 

3 ALKALINITY "9C 165 AS C.CO.. 

4 BOD "Y <; 

5 coo "t .,, 
6 TS ~ 11'.4 

7 TOS "{ .,.,., 
8 TSS 

.. ,,. 
11 

9 AMMONAAS N "9C 5 
10 NITRATE AS N "7. 

n "" 
II~ r{ 0 ,, 

143 180 
n 0 

0 in 

77R f'.RB 

77P. f'.10 

4 RO 

Is .4 0 
,o AA n· c;a 

0 0 
12 TlJ>SIOITT JTU , ., n n 

: 13 f'E(J\l COLIFMM ~ 
14 M:DTY AS C.CO, "9C 
15:~~ ~ 170 253 244 
16 Sl.l.•ATE "Z <>? ., , ? .,., 
17 51.UITE rX' I 

18 BOOlllDE I~ I 

19 CHLOAU "t 176 339 202 
20 FLUORIDE ~ 
21 ALIJM .... (,Z '>">n n <?O 
22 BORON ~t .. 
23 C,_llAI :·t 
24 CQOPEll ~·.z 
25 IAOH ~ 
26 LEAD ·z 
27 MAGNESIUll "7. 0 h H 

28 MANGANESE x 
29 MEACUl!Y ·;.: 
3Q MCKEl '} 
31 SElENl\111 ·.z ' t-- --- ·.z I 32 VANADllM 

33 ZINC ·x 1 ?n ?An rnr 
34 OIL & GREASE .. ~ 
35 P>£"°LS ·x 
36 SIJRrM:TANTS ~x 

37 ALr.C1DES "Jc 
38 SODIUM I"" ?AC:: ?nn 1nq 

39 •REQUENCV 
vt• 

""' -1------
--1-

R E M A R K s 
n;ota l':nurce• National Thermal Pollut 1 ~" .,_..,.,arch 

Proaram computer review of EPA 
Reaion v corns of Enaineers dischar"" 
n.OY'"TTI it-;s 

('\. "'~'h "--..:1 _ ni jj,? 
-

", . , o - inu 

,_ ___ 
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PLANT CODE NO. 

A 

PARAMETER 
INTAKE 
WATER 

I FLOW M/ 
(All DAV 

2 TEMPERAlURE •c 

3 ALKALINITY ~ 1 QC: AS UCO 

4 BOD Mt 
"' 

5 COD Mt 20 
6 TS Mx 0 

7 TDS ·z 456 
8 TSS Mz 0 

9 AMMONIA AS N MJ( 4 

10 NITRATE AS N "Z 4.7 

II PHOSPHORUS "t AS P 

12 TUR8101TY JTU 

! 13 FECAL COLIFORM NCV 
COM. 

14 ACIDITY AS C•CO, Mt 
15 TOTAL HARDNESS ~x AS C.C02 

16 SULFATE ".{ 86 
17 SULFITE "3( 
18 BROMIDE ~ 
19 CHLORIDE "X 51 
20 flUORIOE "9{ 
21 ALUMINUM (Jc 
22 BORON "Jc 
23 CHROMIUM :·z 
24 COPPER ·,z 
25 IRON "9:' 
--
26 LEAD ·z 
27 MAGNESIUM "7 35 

28 MANGANESE •Jc 
29 MERCURY 'Jc 
30 MCKEL '} 
31 SELENIUM 'Jc ----
32 VANADIUM 'Jc 
33 ZINC 'Jc >------- - "x 34 O<L & GREASE 

35 PHENOLS •x 
36 SURFACTANT$ "Jc 
37 ALC",ICIOES "Jc 
38 SODIUM ~ 
39 FREQUENCY 

'It~ 

"'" 
--
--

Data Source : 

1710 

B c 

rel'~ ~~NT 
CLAAIFI- ION 
CA~ EXCHAM'.'£ 
WASTES .... STES 

-- --
--,_ 

National 

i 

D E F 

Cl-£MICAL WASTE CHARACTERIZATION 
PLANT PATA SHEET 

CAPACITY: 1162 MW 
FUEL: ___ ~C~o~a~l=-&=-0=-=i=l ___ _ 

AGE OF PLANT:--------

G H I J K L 

WASTE STREAM 

BLOWDONN CLFAhllNG 

EVAPO- COOLING CLNJ£NS ~L PILE BOLER AIR PRE- BOILER ASH P0MJ BOILlR COOLING 
RATOR TOWER WATER ORAINAGE lUlES HEATER FIRESIDE OVERFIOW 

--- =--
2726 

1 QC: 

h 

20 

0 

564 

0 

4 

'4. 7 

129 

52 

I 

35 

-- -- -- -- -- -- ---- --

------ -- -- -- -- -- --

R E M A R K s 
Thermal Pollution Research 

Proa ram comouter review of EPA 
Reaion V Coros of Enaineers discharc e 
T"\OY"ffi; ~o • 

-
Al: 1.38 x lo~ 

A2-20 

TABULATION BY: ___ s_c _______ _ 
DATE: ______ 4_-_1_8_-7_3 _____ ~ 

SHEET NO. L OF_=.l _______ _ 

M H 0 0 Q R s 

AIR YARD & SANITARY NUCLEAR 
POLWTIOll FLOOR REACTOR 
~VICES DRAINS WASTES CONTROL ---== ::..== .::._: :=.:-:~--:...= ··==-r--

---- -- -- -- -- --
-- -- ---- -- -- --

------



PLANT CODE NO. 

A 

1720 

B I c I 0 E 

BLOWOONN 

Ct£MICAL WASTE CHARACTERIZATION 
PLANT DATA SHEET 

CAPACITY: 117 S MW 

FUEL:----------
Ar£. OF PLANT:-------

TABULATION BY 1 __ _,,S::,::C:..._ ______ _ 
DATE: _____ ~4~-~1~8~-~73.i..._ ____ _ 
SHEET NO . ..J._ OF_...._ _______ _ 

LIMl1-1iolPIQI Rls 
WASTE STREAM 

CLFAl~ING =· £X~ BOILlA E\IU'O- IDOLING = ~L PILE BOILER AIR PRE-
~ •Slt'S RA~ TOI/CA \u.\TER ORANAGE TlllES HEATER 

.--l=-=----r.;r+o--+=-=t..=;,==F~=l===-'ii===+ 

, c;c; 

() 

29 
720 

664 
56 

0 

0.32 
0 

15 :"'c..~ "X 194 I 2Q3 
16 SU.FAY£ r,r- 74 56 
17 SU-FITE iA' 
1811Dl10€ ~ I 

19 CHUlllllE r.:r 51 126 
20 R.UOlllD£ ~ 
21 ALU- ·t 0 11 
zz- "7. 
23 ~lal '-,t 14 I 0 
24 COPP£ll tx 
25 •-

..,,, 
600 1 ')()() 

26 LEAD ~ 

27 -- "'-" 77 95 
28-SE '".Jt 
29 llfAC\Pr l•Jc 
3() MCKEL '} 
31 SELENIUlt 'X I 
t---~--

32-... .z 
33 ZINC 'X I 

34 Oft. 4 GIOEAS£ "7. 
35 Pl€'<0LS "7. 
36 SUIFACTANTS "'x I 
37 ALf•CoDES "'X 
38 SOOAJM ~ 
39 FREQUENCY 

'I( 

""' 
__ ,_ ------ ---

R E M A R K 5 

Data Source: National Thermal Pollution Research 
Pr,.,,..ram cnmnnt-Pr --··I~•·• nf' F.PA 

Reaion V corps of Enaineers discharn• 
nermits. 

Al: S.Ol__x 10° -
-

------

A2-21 



CHEMICAL WASTE CHARACTERIZATION 

PLANT CODE NO. 1718 
Pl MJT PATA SHEET 

CAPACITY: 1042 MW 
FUEL: Coal, Oil & Gas 

AGE OF PLANT:--------

A B c 0 E F G H I J K L 

WASTE STREAM 

PARAMETER TJIA ~~NT BLOWDONN CLFAMING 

INTAKE CLARIFI· ION EVAPO- COOLING ca«NS CO.L PILE BO<LER AIR PRE- BOILER !ASH l'llNO CATIClll EXCHANGE BOlllR COOLING 
WATER WASTES WASTES RATOR TOWER WATER DRAINAGE TUll:S HEATER FlRESlDE O\IERFLOW 

--·- - -=--
I FLOW M/ (Al) 5300• DAY 

2 TEMPERATURE •c 

3 ALKALINITY 
AS C•CO ~ 110 95 

4 BOD Mt 3 l 
5 COD Mt 11 5 

6 TS Mx 204 283 

7 TDS Mz 175 250 
8 TSS MJ.' 29 30 
9 AMMONIA AS N MJ( 0.1 P.01 
10 NITRATE AS N Mz 0.23 IJ.32 
II PHOSPHORUS M;r 0.21 0.16 AS P 

12 TURBtOITY JTU 18 2 

• 13 FECAL COUFOQM NO/ 
CXJMl 

14 AC lDITY AS (.._CO, Mz 
15 lOTAL HARDNESS 

AS C..CO ~:r 149 200 
16 SULFATE M{ 22 i 120 
17 SULFITE ·x I I 

18 BROMIDE ~ ' I I 

19 CHLORl0£ "k 10 1Q 

20 FLUORIDE "{' 
21 ALUMINUM rz 120 1470 
22 BORON ·z 
23 CHROMIUM ;"J( 4 I 5 
24 COPPER :·x 
25 IRON 

f--
"9:-' 420 33 

26 LEAO -~ 
27 MAGNESIUM M{ 16 14 

28 MANGANESE "X 
29 MERCURY ")c 
30 NICKEL "}(. 
31 SELENIUM "3c i 
~- ----
32 VANADIUM "3c I 

33 ZINC ".Z 26 
I 

56 - -----
34 OIL t GREASE "Jc 
35 PHE"JOLS "X 
36 SURFACTANTS "Jc 
37 ALr•ICID£5 "x 
38 SODIUM M{' 6 9 
39 FR£QUENC'r 

Y(~ 

/vR 

-- =I- -- -- -- -- -- -- ---- --

-- -- -- -- -- --
I 

R E M A R K s 
Data Source: National Thermal Pollution 

Research Proqram computer review 
of EPA Region V Corns of Engineers 
discharge permits. 
r 

Al: 3.48 x lo-

A2-22 

TABULATION BY: --~s=c~-------
D~E = -----~4~-~1~8--7~3:;.._ ___ ~ 

SHEET NO. _J,_ OF_~l~-------

M t·I 0 0 Q R s 

AIR YARO 4 SANITARY NUCLEAR 
POLWTIOf FLOOR REACTOO 

DEVICES DRAINS WASTES CONTROL -·--=r.= .. ..:......: ~..::=....:........:. -. 

I 

---- -- -- -- -- --
-- -- -- -- -- -- --

·---



Cl-£MICAL WASTE CHARACTERIZATION 

PLANT CODE NO. 1726 PLANT °"'TA SHEET 
CAPACITY: 1100 MW TABULATION BY: __ .;;;s...;,c _______ _ 

FUEL: Coal 

K£. OF PLANT:--------
DME=--,.....---,4~-~1~8_-~73 __ ~~~-
SHEET NO.~ OF __ l _______ _ 

A B l c I D E I F I G I .H I I I J I K LIMJHIOIPIQ R I s 
WASTE STREAM 

BLOWOONN CLFANING 

363 

=· [XCH~ BOillR E\IU'O- toOLING ~,: iCOlL PILE BOILER AIR PAE- BOILER iAsH FOOO ~IOI ~...:: SANITARY ::t~: 
WASTES "'"5TtS RATlll TOWCR WATER ~ TU!E5 HEATER RRESKlE CMAFUJW DEVICES DRAIN> WASTES CONTROL 

.--1=---"F-'F-fl--+-=-~===9===9=='1==="*==F=:l=-== =- ... ·=-- ·~F=- ~" "'°"~ ,;;;;;~:~=~==4===1 

67 82 
2 3 

5 coo .. ~ 12 1099 
6 TS 324 3549 
7 TDS ".t 200 247 
8 TSS 124 3302 
9 MmlONAAS N 0.21 0.35 
10 ,._n:AS N 1.8 2.25 
II~ 0.1 0.23 
12 TllllllOITY JTU 

; 13 FtlAl <lll.IFOIM ""' 
14 OCDTY AS UCO, 

15:~~11". 
16 !U.•""1: L 66 i 133 
17 SLV1l( ~ I I 

18 -1)( ~ ' 
19 O«.ClAU ~ 23 23 
20 FLUCAID( ~ 
21 AW- ,•.Z 
22 BORON ~7. ' 

23 CHIOllll .. .·.z I 

24 COPPUI ~·.z i 
25 IRON ,'Y. l 
26 LEAD ·z i ·-

27 --
1"7, I 

28 MANGANESE "x I 

29 llEAW>Y •Jc i 

3Q .. CKEL "% i ' 

31~~- ·.z 
32 ""'-'DUot ·.z ' 
33 ZINC 'X 80 10 --- "7. I 34 OIL & GllEASE 

35 P>E"IOLS "7. 
36 SUAl'"TANTS "'x : 
37 •Lr.cnxs "'X 
38 SODIUM ~ 
39 FAEQUENO ""~ ,..,,. 

__ , __________ --

R E M A R K s 
Data Source: National Thermal Po.uut1on Researcn 

Proqram1 comcuter review of E~A 
Rorrinn v c~r ... a of Enaineers d1scharQI! ___ ..,; ..... ,.. 
-

··---

A2-23 



PLANT CODE NO. 

A 

PARAMETER 
INTAKE 
\\IAl'ER 

I FLOW M/ 
14165 DAY 

2 TEMPERATURE •c 

3 
ALKALINITY "'9( 143 AS C..CO 

4 BOD Mt 10 

5 COD MJ( 15 

6 TS M;r 441 

7 TDS Mz 408 

8 TSS Mt 6 

9 AMMONIA AS N MJ( P.06 

10 NITRATE AS N "Z 11..41 

II PHOSPHORUS Mt b.06 AS P 

12 TURBl01TY JTU 

I 13 FECAL COLIFORM •CV 

"""' 
14 ACIDITY AS Ca.CO. Mz 
15 'TOTAL HARDNESS 

AS C.CO ~.z 312 
16 SULFATE Mt 138 
17 SULFITE M.z 
18 BROMIDE "'9( 
19 CHLORIDE Mt 20 
20 FLUORIDE "t D.17 
21 ALUMINUM i"-Z 
22 BORON "Z 
23 CHROMIUM ;·_z 
24 COPPER :·,z 37 
25 IRON "9/ 237 
26 LEAD ·z 
27 MAGNESIU.,_ "{ 
·2a MANGANESE x 
29 MERCURY ·;c ? 

30 NICKEL ·_z 
31 SELENIUM ·x ----
32 VANAOIUl.4 ·x 
33 ZINC ·.z - ~· 34 OIL ' GREASE M}i'. 
35 PHENOLS ·x 
36 SURFACTANTS "x 
37 AL(·IC1DE5 "x 
38 SODIUM ",Z 
39 FREQUENCY 

vc, 

"'" 
--

--

Data Source: 

0: Comoosite 

1729 

B c D E F 

CHEMICAL WASTE CHARACTERIZATION 
Pl ANT DAlA SHEET 

CAPACITY: 186 MW 
FUEL: ___ C_o_a_l _______ ~ 

AGE OF PLANT:--------

G H I J K L 

WASTE STREAM 

rel'~ !A~NT BLOWO(Jyl,IN CL'Al<ING 
CLARIFI- ION EVAPO- COOLJNG CCWENS COllL PILE BOILER AIR PRE- BOILER ASH POND 
CATIOO EXCHAN'.£ BOILl:.R COOLING 
WASTES ... STES 

RATOR TOWER WATER DRAINAGE ru!£S HEATER FIRESIDE CNERFL.OW 

--·- - . ::=--

.,~ l Ql., 

49 
10 
15 

llll 
1054 

57 
0.18 
2.6 

0.14 

700 
6837 665 

: 

I 

0 f;I 

0.34 

I 

0 
i 368 830 

' n n 

I 

I 

---- --- --- --- -- --- -- -- -- -- --

--,_ ------ -- -- -- -- -- --

R E M A R K s 
National Thermal Pollution 
R<>~~ '-~'-- ~. ·-of EPA Reaion v Corns of Enaineers 
discharqe oermits. 

Discharaes 

A2-24 

TABULATION BY: ___ s_c _______ _ 
OATE: _____ ___.4~-~1~8--7~3~·-----
SHEET NO. _L OF _________ _ 

M M 0 " a R s 

AIR YARD & SANITARY 
NUCLEAR 

POUUTO FLOOR REACTOR 
DEVICES DRAINS WASTES CONTROL 
----=== ~ ,.....:..::=----=-= -=T-

l &.&.&. 

139 
10 
15 

lll7 
1096 

21 
O.ll 
0.51 

0.08 

664 
2240 . 

33 
0 

15 
1614 

i n 

: 

-- -- -- -- -- -- --
-- -- -- -- -- -- --

-

---



PLANT CODE NO. 1825 

A B c D E F 

PARAMETER Tri~ WNr BLO'MXM'N 

0·£M!CAL WA.STE CHARACTERIZATION 
Pl.ANT Oc\1A St!EET 

CAF'i'.ICITY: 1304 MW 
FUEL: Coal 

AC£. OF PLANT:--------

G H I J K 

WASTE STREAM 

CLFANING 

TABULATION BY' ___ s_c__.. _____ _ 
D~E: _____ __;4~-~1~8-_7~3~----
SHEET NO. L OF __ l=--------

M 0 p Q R s 

INTAKE CLARIFI- ION 

WITER ~ EXOWG BOILlA 
WAST£S ,...sm; 

EVAPC>- (l)()LING ~: ~L PILE BOILER AIR PRE- BOILER jASH FO.O ~TIDI ~..:: SANITARY ::~: 
RAID< TOWCll WATER DMINAC.E 1VBES HEATER FIRESIJE OVERFlJJW DEVICES llRAJNo WASTES CONTAOI. 

I FLOW ~(. (Al) 
r.-t:====-=ruffl'--=¥===+=.;=+==~==?===l=;;;;;;~~==l===~-= ... "~ -,=-- --~ ~. ~ "'"= ===:"l===4==='F:=:===I 

13710~ 2115 605e 114 
2 TEMPERAlVRE •c 

115 137 132 3 ALKALINITY 
~ AS'-~ 67 142 

4 800 MJ' 2 4 5 5 4 
5 coo Mt 9 85 18 23 19 28 
6 TS Mt 280 6000 906 805 780 11280 
7 TDS u,z 250 5800 861 685 710 750 
B TSS "'7. 35 200 50 120 . 70 135 
9 .....:JNIAAS N "9.:' 0.18 l.35 0.73 0.3 .28 .68 
IQ MTRATE AS N ~7. 7.4 1.8 il.3.5 10 17.47 12.0 
II PHDSPHOAUS 

~ AS p -
12 Tl-'IBIOITY JTU 

I 13 FB:AL COLIFOllM w':::' 
14 ACDTY AS C..CO, ~ 
15~~ ~ lc;o 1850 556 400 350 420 
16 SULFATE ~ 100 861 280 325 414 232 
17 SIUITE "'X 
18 BROlllDE ~ 
19 CHLOAllE M.t An 70 69 72 192 
20 FLUORIDE ~ 
21 ALUMINUM 1~-r 
22 BORON i4 .-

rt 1'"'"0 50 11400 324 11327 11325 
24 COPPER "X 
25 IRON 

,,,., 
60 60 80 150 92 158 

26 LEAD ~ 
27 MAGNESIUll 111;,- ,n 174 10 22 2] 22 
28 MANGANESE 5r 
29 MERCIRt 'Jc 
30 MCKEL 1'% 
31 SELENIUM 'X 
32 VN<ADIW '7,~~-1-----1----1-----+--+-----l---+----t---t----t----i---t----t--t---t---t---t----j---j---1 
33 ZINC 'X 1 n An 3 3.8 11 

35 P>£'«ll5 7. 
36 SURFACTANTS "Jc 

38 SOOK.JM ~ ?4 0 51 47 A'> <:1 

39 FREQUENCY 

-- -- --- -- -- -- ----
-------------- --

R E M A R K s 
Data Source: National Thermal Pollution Research 

Proaram comouter review of EPA 
Reaion V Cor°" of Enaineers dischara· 
- -'+-~ 

0 R. S: Other Ash Pond Discharge Stream 

Al: 10.52 X 10u 
---

A2-25 



PLANT CODE NO. 

A 

PARAMETER 
INTAKE 
WAIER 

I FLOW M"/ ICAl) DAY 

2 TEMPERATURE •c 

3 
ALKALINITY 
AS C..CO "9( 138 

4 BOD M{' 10 
5 COD M;r 18 
6 TS M.z 582 
7 TDS Mz 309 
8 TSS MJ.' 273 
9 AMMONIA AS N "Jc' 0.5 
10 NITRATE AS N M7, D.03 
II PHOSPHORUS M.z D.49 AS P 

12 TURSIOITY JTU 

! 13 FECAL COLtFOQM NQ,/ 

""" 
14 ACIDITY AS U.CO, "3( 
15 lOTAL HARONESS ~.z AS C..CO 

16 SULFATE M,{ 18 
17 SULFITE MJ( 

18 BROMIDE "9( 
19 CHLORIDE Mk 27 
20 FLUORIDE "9L' 
21 ALUMINUM i".Z 
22 SORON Mz 
23 CHli'OMIUM :·x 
24 COPPER ·x 
25 IRON '9( 

26 LEAD ~9( 

27 t.!AGNEStUM "7 
28 MANGANESE •,t 
29 MERCURY ·;c 
30 NICKEL '% 
31 SELENIUM •Jc - ----
32 vmAOIUM ·z 
33 ZINC ·x 20 - -----
34 Oil 4 GREASE M.!i' 
35 PHE-OLS ·x 
36 SURFACTANTS "'x 
37 ALfi1CtDES "x 
38 SODIUM "Jc 
39 FREQUENCY y" 

/YR 

--

--

n;it-;i "~ .. -~=: 

1808 

B c 

T,p~ fl~NT 
CLARIFI- ION 
CAT!CW EXCHANGE 
WASTES WAS'IES 

I= 

D E F 

Q-£M!CAL Vf.STE CHARACTERIZATION 
aANT Ob.TA SHEET 

CAPACITY: 732 MW 
FUEL: ____ c_o_a_l _____ ~ 

Ar£. OF PLANT:--------

G H I J K L 

WASTE STREAM 

BLOWOO.VN CLFAl~ING 

EVAPO- COOllNG C(NJENS w.t. PILE BOll.£A AIR PRE- llOILER ~PCW BOILlR COOLING 
RATOR TOWER WATER ~ lUlES HEATER FUIESllE OVERFLOW 

- =--
5144 

166 
10 

38 
703 
673 

30 
0.12 
0.75 
0.75 

146 

28 

I 

I 

10 

-- -- -- -- -- -- -- -- --
-- -- -- -- --

R E M A R K s 
Nat; nn" 1 'l'ho...-m"l Poll"+-; nn o .. ~,,a.-.-.h - -=•• < =•·• nf' F. Da 

..,,,~·~n v ,-.~-~- nf' F.nnln-........ ., rii .. ~ ... ~---
~~m·i-~ 

Al: 1.47 x 10" 

A2-26 

TABULATION BY=--~s_c=-=--=,..----:--~ 
OATE=---:----:4~--1_8_-_73 ____ -=-
SHEET NO._..!.._ OF_l ________ _ 

M M 0 " Q R s 

AIR YNllJ & SANITARY MJCLEAR 
POl.WTIOll FLOOR REACTOR 

DEVICES DRAIN> WASTES CONTROL 
- ·---==- ;;;.= - -~ :..:..:=----=-=.--

---- -- -- -- -- --
-- -- ---- -- -- --

----



CtfK.AL I/ASTE CHARACTERIZATION 

PLANT COOE NO. l8l6 
PLMIT ~ SHEET 

CAPACITY: 600 MW TABULATION BY' _s2!c.._ _______ _ 
Fl.EL: --O:ILL------- DATE: 4-18-73 
K.£. OF PLANT: ______ _ 

SHEET NO. ---1. OF....J'---------

A B l c I D I E l F I G I H I I I J I K I L I M M 1 0 1 p I Q I R 1 s 
WASTE STREAM 

..,.. •w 
BLOWOONN CLFANING FAAAMETER •-n -~ - ClMIFI· ,rn:.a - CX>CllllG CINlfNS IDoL PllE llCUA llCll.EA IAsH f'Ct«) 

AIR YNID & SANITARY NUCLEAR 
CRiii -lA COOt.ING AIA PAE- PCl.WTIOI F'UlOR REACTOR wnR *SltS _,... - 10WIJI ""'TER - T\AE5 HEAl'EA FIMSllE CMAFLDW DEVICES DRAIN> WASTES COllTAOL 

-··- - -·-=~·-...:.....; _: ;=---=-:.: ·-- .. 
I now 1~'!. 

1'>"70<: 

2 'lhll'EMl\IM •c 

3 AL.KAl.INtTY 
~ 256 

AS, __ 40 
4 800 "" 
5 coo "'; 

6 TS .,nn 11 A On 

7 TOS .... , __ 
11 ">0" 

B T$$ .,,.. .,.., "n 
9 -ASN n ,,, o n? 

10 NITRATE AS N 2-2" In Q 

II PIC>SPtOl\JS "' n In 41 I•• D 

12 T\JllllOITY JTU 

13 l'fCAI. CDU~ ~ 

14 OCIOITY AS C.C0, 
..,. 

15~~ ~ 
16 SIJLFATE I~ ">A ?<4 
17 9..UITf: '"X 
18 BIUllOE ~ 
19 CIUllU r.;c 21 62 

20 FUJORll1( ~ n 0 7 

21 AUlll- ·x n l<:nnn 

22 BOllON 

_,,, 
23~n• •} 

24 COPPER •7, 

25 •-
~ 

26 LEAD ·~ 
27 llAGN£SUI "7. 
28-SE "'k 
29 ll[ACl.fl'f ·;c 
3() NIO<El. ·~ 
31 SELE*M .,. 
32--..,, ~x 

33 ZINC ·~ 
34 Oil & CiAEASE "7. 
35 Pl£..ai.5 "% 
36 51.0!FACTANTS "J( 
37 ALC.ICIDES rA 
38 SOOIUll "';( 

39 FREQUENCY ~ 

-- -- ---- ------ -- -- -- -- ---- -- ---- ---- --
-- -- -- -- -- -- -- ---- -- -- ---- - ------ --

R E M A R K s 
n.+-• "-··--a. -"',...t J __ .., l -a-mal pnl 1 ··•' -- 'Daaear,.,h 

~a..-- -::::::::;a ____ -""" D'l!llll 

___ , __ ",.. ......... -· ___ , ····- A•--L---
_ _...__ 

·----

A2-27 



Cf-£MICAL WASl I:. CHARACTERIZATION 

PLANT CODE NO. 1909 
Pl ANT PATA SHEET 

CAP.l>CITY: 569 MW 
FUEL: Nuclear 

AGE. OF PLANT:--------

A B c D E F G H I J K L 

WASTE STREAM 

PARAMETER Trl'~ f;l~NT BLOWDONN CLFAl-JING 

INTAKE CLARIFI- ION EVAPO- COOLING ca«NS i:oo,L P1LE BO<LER AIR PRE- e61LER ASH PONO 
CATICN EXCHAM:.! BOILlR COOLING 

w.<TER WASTES WASTES RATOR TOWER WATER OAANAGE ns:s HEATER FlAESIDE OVERFLOW 
=--

I FLOW M/ 
2177' DAY 

2 TEMPERATURE •c 

3 ALKALINITY 
~ AS C•CO 

4 BOD Mt 

5 COD MJ( 
6 TS MJ( 
7 TDS Mz 
8 TSS Mz 
9 AMMONIA AS N MJ( 0.5 -
10 NITRATE AS N MJ.' 0.65 1.69 
II PHOSPHORUS 

M;r 1.22 3.29 AS P 

12 TURBIDITY JTU 

! 13 FECAL COLIFORM N<J./ 

"""" 
14 ACIDITY AS C.t..CC\ MJC 

15 TOTAL HARDNESS ~x AS C.CO 

16 SULFATE M;r <R SOl 
17 SULFITE MJ( 

I 

18 BROMIDE ~ : 
19 CHLORIDE Mk 18.l 148. 9 
20 FLUORIDE MYc 

21 ALUMINUM rz 
22 BORON M{ 

23 CHROMIUM i"% I 

24 COPPER 'Jc 
25 IRON 'Y. 
--
26 LEAD pz 
27 MAGNESIUM Mt 
28 MANGANESE x 
29 MERCURY "5c 
30 NlCKEL '% 
31 SELENIUM ·x f-- ----
32 Vi\NAOIU~ ·x 
33 ZINC 'X 

f-- 1--------

34 C>L < GREASE MJ;'. 

35 PHE"OLS 'X 
36 SURFACTANTS Mx 
37 AU·ICIOtS Mx 

38 SODIUM "z 
39 FREQUENC'r vto 

"'" 
-- I--- -- -- -- -- ------ --
-- -- -- -- ----

R E M A R K s 
Data Source: Final Environmental Statement 

TT C:: .n.t-nm; ~ R .................... ("'l ...... mm' ""'·-~.; ,....,.... 

Dated March 1973 

A2-28 

TABULATION BY:--'"~--------
DATE: 4-30-73 

SHEET NO. _1_ OF--=l'----------

M f·I 0 p a R s 

AIR YARD & SANITARY NUCLEAR 
POUUTO f'LOOR REACTOR 

OEVICE5 DRAIN$ WASTES CONTROi. -= =--=--= ~..:.=:-.;..;.;--

---- -- -- -- -- --
-- -- ---- -- -- --

---



PLANT CODE NO. 2120 

A B l c 

PARAMETER Tr:Pf. b~NT 
INfAKE CLARIR- ION 

CAlDI EXCHANOI Wlll'Ell 
WASTES Wl>SllS 

I Flow ,'!,(. 

2 TEMPERATURE •c 

3 
AlkAllNITY "9( AS ,._no. 

4 BOO MY, 

5 coo r:r 
6 TS ~ 
7 TDS "{ 
B TSS MJ.-

9 AMMCNAAS N "Z' 
10 NITRATE AS N "7 
II PHDSPHDR\JS .,,, 

16 p 

12 TUABl()ITT JTU 

: 13 fB:AL (11(.lfOllM ~ 

14 ACDTT /6 C.CO,, 
..,,. 

151;,~~ "X 
16 SUI.FATE ".t 
17 Sl.UITE ".Z 
18 8"0MIOE "L' 
19 CHlOAllE ~ 
20 F!.IJOlllDE ~ 
21 ALUM- t.Z 
22 BORON ~Jr' 
23 Cl<AOlllUM t.Z 
24 COPP£R !•,Z 
25 IRON 'Y 

'----
26 LEAD "Z 
27 l'AGNESIUM "'7 
28 MANC.N<ESE i-.z 
29 MERCc<IY ''J( 
3Q MCkEl -~ 
31 SEl.ENIVM ·.z ---
32 VMAllQI "'.Z 
33 ZINC ·x 
34 OIL & GREASE "7. 
35 P>ElllOLS "7. 
36 SURf'(;TANTS "'.Z 
37 Atr01(10ES IMJ( 
38 SOOIUM ~ 
39 FREQUENO 

Y(-. ,.,,. 
-- -- --
-- --,_ 

Data Source: 

D I E l F 

Cf-£MICAL WASTE CHARACTERIZATION 
Pl ANT OOlA SHEET 

CAPACITY: 1. 750 MW 
FUEL: ..u;i......_ _______ _ 

AGE OF PLANT:Unit 1-3/1953, 
4-7/1954,8-9/1955, 10/1956 

I G I H I I I J I K I 
WASTE STREAM 

L 

SLOWDOWN CLFAl~ING 

EVAPO- COOLING CCHJENS P:»<L PILE ~LER AIR PRE- BOILER ..... f'!lNO BOILlR COOLtNG 
RATOR TOWER WATER DRO.INAC.E TU!ES HEATER FIRESIDE OVERFLOW 

-·-- =--
IT.1 \ 

10 

., , " 

41 e:c 

Alo 

, 

""' 

297 
: 

1AA 

! 

' 

OA 

I 

I 

l e:cr 

I 

? ? 

I 147 

I 

-- ------ ---- ---- --
-------- -- -~ -- -- --

REMARKS 

wa_ tewater 

A2-29 

TABULATION BY:_.......,, ________ _ 

OATE: 4-18-73 
SHEET NO.___! OF_:=,l _______ _ 

I M M 0 l D I a R I s 

AIR YARD & SANITARY NUCLEAR 
l'Ql.WTIOI FLOOR REACTOR 

-~~.:::_~~N~ 
WASTES CONTROi. 
~"'~ 

---- -- -- -- -- --
-- -- -- -- -- -- --



PLANT CODE NO. 

A 

PARAMETER 
INTAKE 
WIOER 

I FLOW ~~ 
2 TEMPERATURE •c 

3 ALKALINITY 
~ !lOO.l AS C..CO. 

4 BOD MY 
5 COD M3( 
6 TS Mz 185 

7 TDS Mz 

8 TSS MJ.' 

9 NdMONIA AS N MJ( 

10 NITRATE AS N IMJ.' 
II PHOSPHORUS "{ AS P 

12 TURBIOITY JTU 15 
: 13 f'B:Al COLIFORM NW ...... 

14 ACOTY AS C•CO, ~ 
15 :T~~~x 138.! 
16 SULFATE M.{ 

17 SUlFITE Mz 

18 BROMIDE 'C 
19 CHLORIDE Mt 26.7 
20 FLUORIDE r-t 
21 ALUMINUM i"X 
22 BORON 7. l 

23 CHROMIUM :·.z 
24 COPPER 'J( 
25 IRON ').-" 

I--

26 LEAD ~z 

27 MAGNESIUM M7, 

28 MANGANESE •,t 
29 MERCURY 'Jc 
30 MCKEL -~ 
31 SELENIUM 'X I-- ----
32 V .... ADIUM 'X 
33 ZINC 'X I-- -
34 OIL t GREASE M7. 
35 PHE•OLS '7. 
36 SURFACTANTS Mx 
37 Al(·ICIOES Mx 
38 SODIUM "Z 
39 FREQUENCY '" ,..,,. 

2119 

B c D 

CLAAIFI- ION 
CATICf< EXCHA>C.£ BOILlR 
WASTES WASTES 

Cf-£M!CAL WASTE CHARACTERIZATION 

E F 

BLOWDO.VN 

PLANT PATA SHEET 
CAP!lCITY: 2558 MW 

FUEL: Coal 
AGE OF PLANT: 1963/1970 

G H I J 

WASTE STREAM 

CLFAl~ING 

TABULATION BY: __ _;;;Lo::S'---------
DATE: _____ --'46-~1~8~--7u3,__ ____ _ 
SHEET NO. __L OF _ __._ _______ _ 

K M 0 p a R s 

EVAPO- COOLING ~: rn.L PILE BOILER AIR PRE-
RA~ TOWtR WATER DRAINAGE TteES HEATER 

BOILER jASH PONO ~O ~~: SANITARY ~'f~: 
flAESIOE O\IERfl.OW DrVICES DRAIN':i WAS TES CONTROL 

--- =-- - -F=·--:. ....;;_:____.:_::-~-=~===i===f===t 
~069~ 225:< 

6.5 86.4 

660 246 
575.' 179 

84.E 67 

n., Q 31 .3 

t39.5 

~11 l D.. 70. l 
357. c 117 

I 

I 

13 ·" 
10.3 

102( 3800 

14.3 10.7 

490 4AO 

: 

REMARKS 
Data Source: 'IVA Re ort on "Review of Wastewater 

Contro Systems 

I: 3% 
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Ct£Mr.AL WA.STE CHARACTERIZATION 
Pl.ANT 001A SHEET 

PLANT CODE NO. 2612 CAPACITY: 700 MW TABµLATION BY• ___ s_c~,--::~----
FUEL: Nuclear OATE: _____ __;;4_-.;;..30_-_7;_3 ____ _ 
AGE OF PLANT:Coqmierqial operati091EET NO. LoF _ _::.l ______ _ 

1li '!:~'3 

A B I c I 0 E I F I G I H I I J I K L I M "' I 0 I P, a R s 
WASTE STREAM 

_ w~ i:.fl BLOWOONN CLFANING PARAMETER ·-· M>N 

INTN<E CLARIFl- ION E\W'O- COOLING CClllJENS 
ia><L '"LE BOILER AIR PRE- BOILER IASH FOND AIR YARD & SANITARY NUCLEAR 

CA1DI EXCHAN!ll BOILlR COOLING POLWm FLOOR REACTOR lllOTER RATtlR lOWER DRlllNAGE 1\l!E5 HEATER FIRESIDE OVERFLOW WASTES WASTES ... sm WATER ~~ DRAIN':i -~ONTR<li, 
M"/ -·- .. ·=-- ~--~ ~"o~ -I FLOW In•• 82 7200 

2 TEMPERAlURE •c 

3 ALKALINITY 
"'9C AS'·~ 

4 BOD ".:r 
5 coo "'.t 
6 TS "X 
7 TOS ".{ 
8 TSS 

.. ,,. 
9 AMMCNAAS N r,r 
10 NTRATE AS N "'.Z 
II PHOSPHORIJS 

~ AS p O.OlB 0 In ?7 

12 TUABl(UTY JTU 

; 13 F8'.Al CDl.IRlRM NCV ..... 
14 ACOTY AS UCC,, "' 1s:,~~ ~~ 
16 SULFATE "Jc 22.2 4R,Q 
17 SlLflTE "')( 
18 BRl'.llllOE ~ ' 
19 CHLORllE "X 9 .003 10.7 
20 FLUORIDC ~ 
21 AlUMH.liil i".Z 
22 BORON 

"' 0 0 

23 C""'*IUll :·x I 

24 COPPER :·,z 
25 IRON 

..,,.. 
100 0.03 120 

26 LEAD •z 
Zf """"ESIUll "7. 11. 13-· 
28 MANGANESE Loo,t '>n nn.: ')Jl 

29 MERCI.On' ·:t 
30 NCKEL -~ 
31 SELEMUll 1·.z 
32 VNWllUll :.z 
33 ZINC ·x in 0 ~"' 
34 OIL & GREASE "7. 
35 Pt£'10LS '7. 
36 SURFACTANTS "X 
37 AWC1DCS 7c 
38 SODIUM ~ 10.6 11 '> 7 

39 FREQUENCY '''" ~ 

---- -- -- ------ ------ -- -- -- -- ---- -- ----
---- -- -- -- -- -- -- -- -- -- -- -- -- ---- --I---

R E M A R K s 
Data Source: Final environmental statement. 

u.s. Atomic Enerav Commisssion. 
n2+-<>N °"'~_,_ __ , Q7'> 

Estimated Dia char,.. .. Comnoa<+-<~n 

--·---
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CHEMICAL WASTE CHARACTERIZATION 
Pl ANT DATA SHEET 

PLANT CODE NO. 2608 CAPACITY: 510 MW 

AGE OF PLANT:--------

A B c D E F G H I J K L 

WASTE STREAM 

PARAMETER TJ'A 
1~~NT BLOWOO.VN CLFAl"ING 

INTAKE CLARIF1· ION EVAPO- COO UNG CCWfNS 
~l PILE BOILER AIR PRE- BOILER ASH POND 

CATICN EX CH At.££ BOILl:.R COOLING 
Wl<IER 

WASTES WASTES RATOR TOWER WATER DRAINAGE ru!ES HEATER FIRESIDE OVERFLOW 

---- - - =--
I FLOW M/ All 5679 DAY 

2 TEMPERATURE •c 

3 ALKALINITY 
AS C•CO "9( 160 97 

4 BOD M{' 3 2 

5 COD Mt 46 61 
6 TS MJ( 207 437 

7 TDS Mz 203 428 
8 TSS M.z 4 9 

9 AMMONIA AS N Mt 
10 NITRATE AS N M7, 0.36 0.17 
II PHOSPHORUS M..z 0.11 0.05 AS P 

12 TURBIOITY JTU 

: 13 FECAL COLIFORM 
N(V 

CXM 

14 ACIDITY AS C.t.CO. MYC 
15 lOTAL HAROf,65 "'{ 161 161 

AS Ca.CO 

16 SULFATE M.z 13 41 

17 SULFITE "J( I 

18 BROMIDE ~ I 
19 CHLORIDE M.z 
20 FLUORIDE Mt 
21 ALUMINUM i"-Z 
22 BORON M{ 
23 CHROMIUM 1·x I 

24 COPPER •Jc 
25 IRON "Y. --
26 LEAD ~~ 

27 MAGNESIUM "7. 
28 MANGANESE ·x 
29 MERCURY ·;c 
30 NICKEL ·,t 
31 SELENIUM ·.z ----
32 VANADIUM ·.z 
33 ZINC ·x - ----
34 OIL 4 GREASE M7. 
35 PHE-OLS ·x 
36 SURFACTANTS "x 
37 ,Al(,1(10(5 "x 
38 SODIUM M.{' 11 34 
39 FREQUENCY "'' "'" 

-- - I= ~- -- -- -- -- ------ --
-- -- -- -- -- --

R E M A R K s 
Data Source: National Thermal Pollution 

Research Prooram computer review 
of EPA l>on '~" V Corn« of Enaineers 
discharoe permits. 

Al: 17 x 10° 

A2-32 

TABULATION BY: ___ s_c _______ _ 
OATE: ______ 4_-_1_8_-_7_3 ____ _ 

SHEET NO._!___ OF __ l _______ _ 

M M 0 p Q R s 

AIR YARD A SANITARY 
NUCLEAR 

POUUTIOll FLOOR REACTOR 
DEVICES DRAIN~ 

WASTES CONTROi. 
~---= = . ....::......: "c"~- -

---- -- -- -- -- --
-- -- -- -- -- -- --

··--



PLANT CODE NO. 

A 

PARAMETER 
INTN<E 
... ER 

I FUlW M•/ 
Al) I""' 

2 TEMPE"" TU RE •c 

3 ALKALINITY 
~ AS,.,.,. 80 

4 BOO "J.' 1 
5 COD r,r 9 

6 TS "X 133 
7 TDS "{ 124 
B TSS IMJ.' 9 

9 ~ASN "X 0.01 

10 NITRAT£ AS N "7. 0.18 
II PHOSPHORIJS .,,, 

0.14 l&c p 

12 TUllSIOITY JTU 

! 13 Fe:AL COLIRJSnil N<V 

""""' 
14 ACDTY AS C.C0. ~ 
15:T"c.~ ~x 
16 SUI.FAT£ ~ l<; 
17 Sl.lFTTE r'X 0.2 
18 BllOlllDE ~ 
19 CHLORllE rl 15 

20 FLUOR1DE ~ 
21 Al.IHI- t.Z 
22 BORON rx 
23 Cl<llOMll.U rt 
24 Ca>PER 't 
25 '"°" -r. 
26 LEAD ·.z 
27 llAGNES .... .. 7. 
28 MANGANESE .t 
29 MERCURY ·;.: 
3Q NICKEL '% 
31 SELENIUM ?c 
32 VN<ADllM "'J( 
33 ZINC ·x 
34 OIL & GREASE "7. 
35 PHE'«>LS "'7. 
36 SUR .. CTANTS --x 
37 ALfilCIOES Mx 
38 SODIUM ~ 7 
39 FREQUENCY 

Y(, ,...,,. 

--

--
I II 

Data Source: 

2616 

B l c I 0 I E I F 

Ct£MICAL msTE CHARACTERIZATION 
Pi.ANT CWA SHEET 

CAOOTY: 933 MW 
FUEL: Coal 

I>/'£. OF PLANT:-------

I G I H I I I J I K I L 
WASTE STREAM 

TABULATION BY: __ _..;..s_c ______ _ 

DATE'---------------
SHEET NO • .!_ OF _ _:;,1 _______ _ 

M I M I o I p Q I R I s 

__ w~ ::.~ .. - BLOWOONN CLFAl~ING 
CLARIFI- ION EWO- t'OOLING CINJENS COO. PILE BOILER AIR PIE- BOILER IASH "™' AlR VAAO & SANITARY NUCLEAR 
CAJlQ\/ £XCHAM;I BOILlR COOLING POWITIOI FLOOR REACTOR 
WASTES *515 AATCIA TOWER WATER llMNAli£ 1\.8Eli HEATER FlllESICE MRFIDW 

~~~ DRAIN> WASTES COllTAOt 
·- - =-- =··..::....: ·-=----:.....;· 

ll590] 

l~ 

0 . 
13' 
12• 

9 

O.Ol 

O.lE 

0.1• 

131 

0.2 

1 

16"'' 

I 

177 

0.1 

' 

.21 

-- ------ ------ -- -- -- -- ---- ---- ---- --
-- -- -- -- -- -- -- ---- -- -- ----,_ --------

I I 

R E M A R K s 
National Thermal Pollution Research 
-- - ·-.- _ .... ; ..... ~· "'"" 
Tl--1 -- u Co,..._c::i of Enaineer .. discharn1 

~-mi~-

-
Al: 2.46 x 10" 

··----
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Cf-£MICAL WASTE CHARACTERIZATION 
PLANT DATA SHEET 

PLANT CODE NO. 2630 CAPACITY: Two Units 1093 MW EachTABULATION BY: _____ sc--=-----------
FUEL: Nuclear DATE: ---:----:sc...-..;:lc...-....:7..:c3 _____ _ 
AGE OF PLANT ,Under construction SHEET NO. ~OF 1 ----------

A B c D E F G H I J K L M M 0 D Q R s 
WASTE STREAM 

PARAMETER Trll~ ~~NT BLOWDO.VN CLFAl"ING 

INTAKE 
CLARIFI· ION EVAPO- COOLING CCNJENS Cl><L PILE BOILER AIR PRE- BOILER Vl5H RJNO 

AIR YARD & 
SANITARY 

NUCLEAR 
CATOI EX CHAN'.'£ BOILl:.R COOLING POWJTIOO FLOOR REACTOR 

W'O'ER 
WASTES '""STES 

RAT OR TOWER WATER DRAINAGE MIES HEATER ARESIOE OVERFLOW 
DEVICES DRAIN$ WASTES CONTROL 

--·- - . =---= =--~ ~"o· -

I FLOW M"/ 
218 DAY 

2 TEMPERATURE •c 

3 ALKALINITY "9C AS CA,CO 

4 BOD Mt 
5 coo Mt 
6 TS M,z 
7 TDS Mz 0 50 
8 TSS Mt 

9 AMMONIA AS N Mt 
10 NITRATE AS N M7 
II PHOSPf-ORUS M,z 

0 5 AS P 

12 TURBIOITY JTU 

! 13 FECAL COUF~M 
NO/ 
CXM 

14 ACIDITY AS C•CO, Mz 
15 TOTAL HARDNESS ~.z AS CACO 

16 SULFATE M{ i 

17 SULFITE MJ( 
18 BROMIDE ~ 1 I 

19 CHLORIDE Mk 0 c; 

20 FLUORIDE Mt 
21 ALUMINUM (,Z 
22 BORON Mz 

I 

23 CHROMIUM :·x I 

24 COPPER :·x 0 100 

25 IRON "9( 0 100 
~-

26 LEAO 'Z 
27 MAGNESIUJill MJ.' 0 0.1 
28 MANGANESE •,z 
29 MERCURY ·;c 
30 NICKEL ·x 
31 SELENIUM 'Jc I 
~---

32 VANADIUM 'X 
33 ZINC 'X >-- ~---
34 OIL t GREASE M7 
35 PHE,OLS 'X 
36 SURFACTANTS "x 
37 Alf•ICIOE5 "x I 

38 SODIUM Mz 
39 FREQUENO 

yt; 

"'" 
-- -- -- -- -- -- -- -- --. -- -- ------ -- -- -- -- --
-- -- - -- ---- -- -- -- -- -- -- -- -- ---- -- -- --

R E M A R K s 
n,,_ta Source: Draft Environmental Statement 

rt <:: M·o.mic:::._Eno -~·· rnmm' - - inn 
Dat-.,ri December 1972 

"'. ~""--'""'Im ~-----.,r,.,.'V" Rl,.,.r.u~,.,.T.n'" 1"~+-i ma tori 

". --" - ................. .,,,.._ 
1 l""lno - -

~-----
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PLANT CODE NO. 2716 

Cl-£MICAL WASTE CHARACTERIZATION 
PLANT QA.lA SHEET 

CAPACITY: 583 MW 
FUEL: Nuclear 

TABULATION BY: .......oa.i.;.. ________ _ 

AGE OF PLANT: Under constructiorf;HEET NO. -1-0F_.....1.---------

A B l c D I E l F I G I H I I l J I K L I M I 1-1 0 I p I Q I R I s 
WASTE STREAM 

WA ... ~ "'' BLOWDONN CLFAl~ING FMAMETER 
INTAKE CLARIFl· ION EVAPO- tooLING CCNlENS ~L PILE BOILER AIR PRE- BOILER ASH PONO 

AIR VARO & 
SANITARY NUCLEAR 

CATDI EXCHAtG BaU.R COOL.ING l'Ol.WTIOI Fl.OOR REACTOR ""'1tA 
WASTES *STES 

RAlUR TOW CR WATER ~ 'IUlES HEATER FIRESIDE OVERfl.OW 
DEVICES ORA/No WASTES CONTROi. 

-···- -=-- --~= -;;;;= :2..: ~"~ 
I now .~"{ 

"""' 2 TEMPERATURE •c 

3 ALKALINITY "C AS c._m.. 

4 BOO "Y. 
5 coo IMt 
6 TS ")( 
7 TOS "z 
8 TSS "7 
9 AMtiM'.»MAS N ~ 
10 NITRATE A~ N "7 
11 PHOSPl«lRUS r,r : AS P 

l2 TUABIOITY JTU 

: 13 F!tAL CllLIRlllM ~ 

14 AClllTY AS C.CO,. ~ 
15 ';,~~ r,t 
16 SULFATE ~ A'> 4n4i i 

17 SULFITE "X f 
18 BROlllDE ~ : I 

19 CHI.OREE I.,. h ~ r 14.0 
20 FLUORIDE ~ 
21 Al.UMNJM t.Z 
22 BORON ~z I 

23 ChllOMIUU ,•,z I 

24 COPPEii :·,z 
25 IRON "Y. : 

"-----
26 LEAD 'Z I 
27 MAGNESIUM ~7 18 37 
28 MANc.AHESE r,t I 

29 MERCURY 'Jc I 

3Q ltCKEl '} i I 

31 SELENIUM 'X i ----
32 VANADIUM J( 
2'3 ZINC 't 
34 OIL & GREASE "7. 
35 PHE'«ll.S "'7. 
36 SUllfACTANTS ~x 

37 Alf"·ICIDES "J( 
38 SOORJM ~ 12 196 
39 'tt' 

FREQUENC'r 

""" 
-- -- -- -- ------ -- -- -- -- ---- --1--- -- -- --

-- ----- -- -- -- -- -- -- -- ---- __ ,_ 

I 

R E M A R K s 
n:::i.t-:::a ~ .... - - n~~-F+- ----' · . ..,, _._ - . 

_ _[]_.__?• Atomic Enernu Commission 
dated Januarv 1973 

C: Estimated discharae concentrations. 

·-·~--
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Cf-£MICAL WASTE CHARACTERIZATION 
PLANT PATA SHEET 

PLANT CODE NO. 340.l CAPACITY: 31 MW (865 MW !!l;:/g_a_y) ~LATION BY•--""""--------
FUEL: Coal OATE• ------44-~1~7~--7~3.__ ____ ~ 
AC£ OF PLANT:-------- SHEET NO. _!_ OF_.:.l _______ _ 

A B c D E F G H I J K L M M 0 "' a R s 
WASTE STREAM 

PARAMETER TJ''/i ~NT BLOWDONN CLFAl~ING 

CLARIFI- ION CO«NS COAL PILE BOILER AIR PRE- BOILER ASH PONO 
AIR YARO 4 SANITARY NUCLEAR 

INTAKE 
CATKW EX CHAI'« BOlllR 

EVAPO- COOLING 
COOLING POLWTIOll FLOOR REACTOR 

WATER RATOR TOWER WATER DRAINAGE T\.llES HEATER FlAESIDE OVERflOW IJEVICES DRAINS WASTES CONTROL WASTES \llOSTES 
-- -=-- -~-r-= . --- ·.:.:~-- --

I FLOW M"/ .041G ll.G~ 5.8 3 .OG 9132 DAY 

2 TEMPERATURE •c 

3 ALKALINITY "Z 52 AS UCO 940 0 2' 0 6 

4 BOD My Cl 1 0 E 0 ~1.0 3 6 

5 COD M~ 10 19G - E 080 o:;1n ?n 11 ni;n 

6 TS Mt, 128 (BG) AA£li; '>Af -:nn 3241 45 '33750_ 

7 TDS Mr 128 t>l nqn AA42 ?M 7?11 l'>'>A'>' 7 1.,.,.,., 
8 TSS M~ 0 ICB8 l 3 0 i; in 1 ' <A 1C 

9 M1MONIAAS N "Y ,..0.5 0 1.1 - 0 0 

IP NITRATE AS N MJ.', .001 .079 0.5 - 0.3 0 
II PHOSPHORUS M{ 0.39 AS P 0.02 0.8 !CO. 0 .05 c;? 

12 TURBIOITY JTU 5 lGOO 5 0 505 200 0 17 

13 FECAL COLIFORM N<V 
~ 

14 AC IOITY AS C.t.CO. Mz 
15 TOTAL HAR!NSS ~.z ?4 I 01 A<; 3.3 n AS C:.CO 130 n 
IG SULFATE M{ 9.2 91.2 2900i inc; 525 l?l<;O _c; .h I"> A l'\I'\ 

17 SULF"ITE M.z 
I 

18 BROMIDE "C I 

19 CHLORIDE Mx 3.7 5.7 GO 9.1 3.6 ~583( ) - ~ ~ 5q7( 

20 FLUORIDE "9C 
21 ALUMINUM ·.z 
22 BORON Mz 

23 CHOOMIUM ·.z lc:.c;n - 1120 I 
0 0 

24 CQPPER (J{ 1600 l<nn 
25 IOON "9( 370 (B25 120 48 168 n 
26 LEAD "Z 
27 MAGNESIUM MJ' 1 i; 111£1A n 7 n 
28 MANGANESE x 
29 MERCURY "Jc I 3.4 n 
30 NICKEL '7. 
31 SELENIUM •Jc I ----
32 VANADIUM "X I 

33 ZINC ·.z 4GO 3300 
~ - 380 41 l<;OO 520 Ill On "l"n 
34 OIL t GREASE Mx 

' 

35 PHENOLS 'X 0 25 
36 SURFACTANTS ".Z 
37 ALl·ICIOES Mx ' 
38 SODIUM Mt 22 ~.75 2188 58 l2GO 5214 0 ~"'"" 
39 FREQUENCY 

vc~ 
.-YR 3G5 104 

-- -- ---- -- -- -- -- ------ ------ -- -- -- -- --
-- --,_ ------ -- -- -- -- -- -- -- -- ---- -- -- --

R E M A R K s 
Data Source: EPA Reqion II Off ice Files 
n. Tn+-!:111'0 T.7!:11.t..~- ~.-.- ,.,,...,,,,., nY-.;n.::lirTQ -T> : Tn<--~1'~ •-•~<--o- -fnr A.'lh Pnnrl 

BG: 154240 
DC: ,~.,'"" 

B?S: -:n """" 

.... ---
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Cl-£MICAL WASTE CHARACTERIZATION 

PLANT CODE NO. 3404 
Pl.ANT t::wA SHEET 

CAOOTY: 300 MW, 5420 MW Hr./dalfABULATION BY•_.....;s:..:c;._ ______ _ 
FUEL> Coal & Oil DATE: 4-17-73 
fJC£. OF PLANT: SHEET NO • .1....... OF_.i._ ______ _ 

- A B I c I D I E I F I G l H I I I J I K I L I M I M I o I .? a I R I s 
WASTE STREAM .... ~:ft.ii BLOWOCINN CLFANING PARAMETER 

INTN<E CLARIA- ION 
E\lllPO· COOLING CCNlENS kx».l. PILE BO<U:R llQILEA ASH PllNO All YAAD & SAt<li11'MIV MJCLEAA 

CAlQf EXO<AIG llCILlA COOLING AIR PRE· PCUUTO Fl.OOR REACTOR WOJEA 
WllSTES lll'Sll'S AA1IJI TOW CR WATER ~ 1UIE5 HEATER Flll£SI)£ CMRFIDW 

CEVICES DINI> WASTES CCMAOI. 
~(. -· --·- - ::-- -= =-..;....: •:,;:~ -- -I FLOW 43.l 423' <;<=;7 2556 

2 TEMPCRATUAE •c 

3 ALKAl.INITY 
~ C:'> .,, AS•-~ 87 199 58 .,., 

4 BOO "'1' 6 2 <i n lR i.,., n 

5 coo r.:r 706 784 0.8 llRO , ... 
6 TS ~ ~866 936 12607 196 ~0546 117 
7 TOS "z "'"'""'' Ql., l'>cnn. in~ Rn•nr 11. 7 
B 1'55 

"'"' 33 30 71 0 60 tco " 
9 _.,,.,,AS N ~ ~.s <0.S ""-0.S l<o.s r.c.o.s li:o. 5 
10 NITRAT( AS N 5.' t;OOl o.1c: ~.OOl tl.115 ic;OO -0.32 
II~ ~ 0.02 0.04 0.13 .1-n. 2 0.2l 
12 TUlllllOtTY JTU 13 23 1 l 

: 13 FEM.tlll.tl'OlllA NCV -14 ACtDITY AS C.CO, 
.,,, 

15:~~ ~ '>Ann ... nn '>nnn 69 - 70 
16 SUI.FATE ~ 1880 387 11.4 2000 9.6 
17 SUI.FITE "'X 
18 Bf<OMIOE ~ 
19 CHLOAU rx 480( 18.3 16.l 6500 b.1.3 
20 FUJOll1I)( ~ 
21 AUJM9UI tt 
l2 BORON ~7. , 

23 t"'10MIUll ,•,er 0.16 I 0.37 0.09 
24 CCl'Pa' !'X (),QI'; h.10~ 0.10' .OS 
25 IRON "9( 1.0 1.5 2.3 0.9 0.1 

26 LEAD ·z 
27 MAGHtSIUll "''-' ..... \ "7 R C:C:'> i':I • " 17 .l 

28...-SE ~x 

29 IA(llCIRt •Jc 
3() MO<EL l':l' 
31 SEUNIUll ·.z 
32 WIADIUll i-.z 
33 ZINC ·x n ·~ In on In co n "., 0 C:Q () AO 

34 OIL & GREASE "'7. 
35 PHt:OQ.S ~x .003• 0044 .006 .007 

36 SURFACTANTS "'x 
37 A&.rdttDES ~ 
38 SODllJlll ~r..uo 2""" 4961 29.4 74 

39 FREQUENO ~ Cont 215 

------ ------ -- -- -- -- ---- -- ---- ---- -- --
-- -- -- -- -- -- ---- ---- ---- --,_ ------ -- --

R E M A R K s 
oa+-~ "'"''""Ce: EPA Reaion II Office Files 
n· T-...,s'lr ..... "A'-•-- .c-- T-.- ~- ·-'- ---- rd ... _ ..... __ --..:ii .. _., - - • - ,.,, ..... <!ill.,,.;---

-- --
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Cl-£MICAL WASTE CHARACTERIZATION 
~ 1)6.TA $HEET 

PLANT CODE NO. 3402 CAP.t>CITY:lQ8..b:!N 14965 5 MWhr/day)TABULATION BY: _ __,s"'c.__ _______ _ 
FUEL: Coal, 0;1 & Gas DATE:~4~--1~7~--7~3~~~~~~~~~~~-

Ar::£ OF PLANT: SHEET NO . ..i_ OF__. ________ _ 

A B c D E F G H I J K L M t·J 0 p a R s 
WASTE STREAM 

PARAMETER rrl'~ AA~NT BLOWDO.VN CLFAl~ING 

INTAKE CLARIFI- ION EVAl'O- COOLING cCNJENS jrot.L PILE BOILER AIR PRE- BOILER ASH PONO 
AIR YAAO 4 SANITARY NUCLEAR 

CATICN EXCHAl'U BOILlR COOLING l'OLLUTIOI FLOOR REACTOR 
WATER WASTES '""STES 

RATOR TOWER WATER DRAINAGE T\JIES HEATER FIRESIO£ OVERFLOW 
0EVJCE5 DRAJN5 WASTES CONTROL 

-- = - -~ ~"=~-

I FLOW M/ 
b.556 545 6.53 h I'.? ?7?1'. DAY 

2 TEMPERATURE •c 

3 
ALKALINITY "J( 224 h ?<n " 

, .,. 
AS C•.CO 24 612 34 70 

4 BOD M{' 1 Lin ? 8 0 - 2 3 l 

5 coo MJ( 1() JR() t;() 78 1080 20 <_5 20 10 

6 TS Mz l?Q QlQ() f,J<;O 594 330 249 195 45 256 

7 TOS Mt 1 ?7 ?n? , i c;n 586 720 235 195 7 192 

B T5S MX ., :QQ7< """ 88 h ]() 1 LI 0 38 64 

9 AMMONIA AS N "J( () 1 LI 1 ?~ 0 n n B 3 .2~ 0 0 

10 NITRATE AS. N IMJ.' (') q 1 _ 7 1 "~ 0.33 0.3 .04 0.4' 0 n LI 

II PHOSPHORUS M;r 0 57 0 0 2 0. 7l AS P i'I 1 1" " " . ., 
12 TURBIOITY JTU .,,,_ lc;c;nn 7F. so i;oc; s ·34 0 4 

! 13 FECAL COLIFORM N<v -14 ACOOY AS (A(0. "J( 
15 TOTAL HAR(llSS ~x AS C..CO "' 1 F.4 "''"' 3 130 80 92 0 20 

16 SULFATE ",Z .,., Q? 1 1 c; 15 525 51 43 5.6 3 

17 SULF'ITE IMX 
I 

18 BROMIDE ~ 
19 CHLORIDE "t 1_7 Q 1 q , ':tC:QO 152 3.6 47. J 33 .E 1.8 38 

20 FLUORIDE M7c' 

21 ALUMINUM t.Z 
22 BORON Mz 

23 CHROMIUM :·.z 0 20 8 I 0 0 15 (. s 0 0 

24 COPPER ·x 1?n l12c;n <R 240 JF.nn 24 30 1300 36.' 

25 IRON "9:' ">Onn lli:o">c;l r:nc:nr 0600 1 t:.R LIOI i;nnn " 
330( 

26 LEAD 'Z 
27 MAGNESIUM MJ' ?< n c;R 0 s 30 41 0 0 

28 MANGANESE l•_t 
29 MERCURY 'Jc 4 h n 3.4 0 0 
30 NICKEL -~ 
31 SELENIUM 'X 
~--

32 VANADIUM 'X 
33 ZINC 'X 17() QQO 

1---~ 
Ll7 220 11 i::.nn 21 1300 21 

34 Oil t GREASE M,Z 
35 PHE"IOLS •7, 
36 SURFACTANTS Mx 
37 ALGICIDES Mx 
38 SODIUM ~ 9.4 46 2280 114 1260 28 .~ n 72 
39 FREQUENCY 

yt~ 

,AfR 

-- -- -- -- ---- -- -- ------ ------ -- -- -- -- --
-- -- - ------ -- -- -- -- -- -- -- -- -- -- -- -- --

R E M A R K s 
('\. Tnt-"v'" ·-·-.1--. .... Fr..,.. n.oh n--..:11 S: In+-,.ve water for evanorator blowdown 
o. -r-~~1'.a ___ ...... _ ~ - , - , __ 

c?c; • 1 <c;~1 (\6 

-··---
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CtfMK'.AL Wl§TE CHARACTERIZATION 
PL ANT rwA SHEET 

PLANT CODE NO. 3406 ·CAA'ICITY:~ - 6227MWbr/day TABULATION BY, _ __,s~c,,__ ______ _ 

FUEL: Cea l 1 o; l & Gas DATE: _..!i41.:-:.1lu7~-:.17:.;31-. _________ _ 

/;/;£. OF PLANT: SHEET NO. _l_ OF_..._ ______ _ 

A B L c OIEIFIGIHI 1 IJJK L I M I M I 0 I p 

WASTE STREAM 

BLOWOONN CLFAMING 

INTAKE =· vcC::... llOll.lA EIW'O- CllOLt<G = Olll PILE BOii.EA AIR PAE- BOILER ~ FOND ~IOI v:;:: SANITARY ~~: 
llllftA WASTES 111115m IWllA lllWtA WATER OAU<M;f 'l\.8E5 HEATER F1RE90E <MRflDW ~CES ORPJNo WASTES CONTROL 

.--t==--"'r.;r,f __ ...,...,.-+==--t===l'=="l====9="===P=="*==p-=··-·~ ... =-- -~.=-= .. ~"~"'~ --~-~'"·*==~==P===t 

1 , l f, 

14 0. JR l')Q f, 

') 11 
J "'"" ""':I I""" 

203 a,793 'i62 l56CI 

a " 
.,., C:Q 

lo 1 ':I D .24 ., , In .4'i 

Q_2fi D,44 0 0 52 

0~65 3 l 3 l 0 QI 

JTU 0.9 t2 .s 1.33 27 
113 Fll'.Al COLIFOOll ~ 

14 ACDTYASC..CO,. '"),' 

15~~ r.:r ')0: 12 11 4 
16 SU.FATE 

,. 
,., Jn_] ,.,., .1<:':1 

17 SlLflTE r'){ 
18 BRCll10£ ~ I 
19 CHLOAU ~ 
20 FLUORIDE ~ 
21 •1.111•- t7c 
22 BORON 

"' 23 '""°"""' :·t 0 4 c; 0 

24 Ctf'P£1' l•,z 
25 IRON 'Y 
26 LEAD 'Z 
27 llAGNESllJll "7. 
28 llANGANESE "'5r 
29 MEAC\ln' 'Ji: 
3Q NCKEI. ',} 
31 SELENIUM 'Jc 
32 -..out ~ 
33 ZINC '5r ?n 1 ':I n so 
34 Oil. & GREASE 

.. ,,. 
35 PHE"'1<.S 7. 
36 SURFACTANTS l<J( 
37 ALC•ICIDES "'Jc 
38 SODIUM 

""' 
36 IT1'> '>nn 

39 FREQUENCY ~" 

""' 
-------- --------
-- --1--------- --

- R E M A R K s 
.......... - -----. .... ~ ~ . .1-- TT "'.#414.-a .P-11--

-----
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PLANT CODE NO. 3406 

A B c 

PARAMETER 
WfffER TD<' ~vi'FNT 

INTAKE CLARIFI- ION 
(ATJO\j EXCHAt-G 

WATER 
WASTES WASTES 

M/ I FLOW 
DAY l?n. l" 

2 TEMPERATURE oc 

3 
ALKALINITY 

"9C AS C•CO - -
4 BOD Mt 1 -

5 coo Mt 14 A 

6 TS ".Z ?11 343 
7 TDS "Z ?n< <?A 

8 TSS "{ A 1 " 
9 AMMONIA AS N MJ( 

0.13 1.17 
10 NITRATE AS N "Z n .," n l., 

II PHOSPHORUS "J;:' AS P 0 f;<; 0 13 
12 TURBIOITY JTU n q ? c; 

. 13 FECAL COLIFORM No,/ -14 ACIDITY AS (A(0, "JC 
15 TOTAL HARCl'JESS ~x 26 121 AS CACO 

16 SULFATE ".Z 12 24Q i 
17 SULFITE M.z 
18 BROMIDE "9C I 

19 CHLORIDE M_z , Q ')QQ 

20 FLUORIDE "t 
21 ALUMINUM (,Z 
22 BORON "Z 
23 CHROMIUM .'Jc 0 

24 COPPER !'.Z 
25 IRON "9:' 
--
26 LEAD ·~ 
27 MAGNESIUM M{ 
28 MANGANESE 'Jc 
29 MERCURY ';\: 
30 NICKEL "% 
31 SELENIUM "X ----
32 VANADIUM 'X 
33 ZINC 
~ ~-----

'Jc ?n <Q 

34 OIL l GREASE M;r 

35 PH["JOLS 'X 
36 SURFACTANTS "x 
37 Alf1ICIDES "x 
38 SODIUM "z ')~ "l 
39 F"REOUENC'r 

Y(o 

,YR c;n 

-- --- --

I --- --·-

n"f-" ~~· ~nO• EPA Reaion 

0 

BOILl:.R 

CHEMICAL WASTE CHARACTERIZATION 

E F 

BLOWOOvVN 

EVAPO- COOLING 
RATOR TOWER 

PLANT DATA SHEET 
:.:APACITY:346 MW - 6227 MWhr/day 

FUEL: Coal, Oil & Gas 

AGE OF PLANT:--------

G H I J K L 

WASTE STREAM 

CLFAl,ING 

cCWENS 
~L P1LE BOILER AIR PRE- BOILER ASH PONO COOLING 

WATER DRAINAGE TU8£S HEATER FIRESIDE OVERFlDW 

. ~~! 
TABULATION BY: __ s_c ______ ~_. __ _ 
OATE: 4-17-73 

SHEET NO . ...2_ OF~2~--------

M H 0 D Q R s 

AJR YARO & SANITARY 
NUCLEAR 1.0 

f'OlLUTIOll FLOOR REACTOR 
DEVICE5 DRAINS WASTES CONTROL 

= e-=~ :::---,---=;::::.= .. -=....: 
~·--. --------,-

LI t; 

! 

-
(1 

1 < 

101 

7q 

?? 

0. 3~ 

n 

0 4~ 

n ?l 

1 

18 i 

I 
I 

I 

..., c i 

I 

0 I 

i i 

I 

! 

<n 

I 

?c; 

-- -- -- -- -- -- -- ------ -- -- -- -- --
------ -- -- -- -- -- -- -- -- ---- -- -- --

R E M A R K s 
IT nffice files. 

---·---
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CtEM!CAL 'tASTE CHARACTERIZATION 

PLANT CODE NO. 3405 
ELANT ~TA SHEET 

CAPllCITY:l~6 MW - 1629 MW Hr./Da)\BULATION BY: ___ s.;...c ______ _ 
FUEL• Coal & Oil DATE: _____ __;:,4-_l;;;.7;_-....;7;..;;3 ____ _ 
Pa. OF PLANT: SHEET NO . ..!.._, OF_....!::,2 _______ _ 

A 
L I M I H I 0 I p 

WASTE STREAM 
- rn 

CLFANING =· (Xe::.. BOILlR EYAPO- CllOLING ~: ~L PILE BOILER AIR PRE- BOILER ~ l'llNO ~TO ~~: SANITARY ~'f~~ 
w.sm -m RA1IJR lOWER ..... TEA OAlltlK£ '!\ll(S HEATER l1R5IOE O<[Rf\afj 0£VICE~ DRAIN> WASTES CONTROL 

.--.P----•--+----+=="""'=1====1==4===1===-==1F===P==-=*'--=··-~·.- -·=-- -·-=-=r-==. ~~ _::----:..:.: ··===--'~===l;==='T===! 
3. lA ll. ~ 

·- --
4.2 - -
<1 - -

20.3 102. 0 
!6237 27l 

166 55235 27l 
27 l 0 

0.5 0 0.03 
IQ MTRATE AS M 0 • 23 7.8 O.l 
11 ,~ ,I' 0 3.3 0 
12 TIJll8l011Y JTU 62 - 20 

'. 13 FlCAI. COLIFOllll ~ 

14 <COTY AS C.CO, '?,' 
15':,~~ r)L'. 44 1000 16 
16 SUI.FAT£ r.:r 2.5 129 26 
17 Sl.VITE r;r 

I 

18 i!AOlll0£ ~ I 

19 (Hl.(JRCl[ ~ 95 3100 10 
20 fLUOlllD£ ~ 
21 AWM- i"X 
l2 SOllON rz 
23 '""°"' ... :·t 0 30 I 60 
24 COPP£11 ··x 
25 '"°" ,"9:' ! 
~-

26 LEAD 'Z 
27 -SUI 1"7. 
28-51: 1-,!t 
29 ll[llCUll'f ',Z I i 
30 MCK£i. '} I I 
31 S[l.EM* '7. I 

I 

~ ----
J( ! 32 IMAOUI 

33 ZINC ·x f;Q 0 inn --
34 Oii. 4 i;A(ASE "7. I 

35 PME'<O\.S "'7. 
36 SUllf<CTAMTS ~x 

37 ALOICIOES "'Jc 
38 SODIUM ~ ?A '"""" .:.-:i 

39 fR[QU[NO 
..... 

1 i::.: l\'R 

-- ------ -------- -- -- ---- -- ---- -- -- --
-- -- -- -- -- ---- ---- -- ---- --1------- -- --

R E M A R K s 
n .. +.. a~.-~a : EPA ,, __ 4 "~ II Office Fjl·~ 
('. "-.1-- ---i-1---.... 1; ·-

··---
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CHEMICAL WASTE CHARACTERIZATION 
Pl ANT DAlA SHEET 

PLANT CODE· NO. 3405 CAPACITY:--11.2-MW p 1629 MW' Hr./~LATION SY: __ __,S"-'C=--------
DATE: ______ ~4---l~7~--7~3.._ ___ _ 

AGE OF PLANT:-------- SHEET NO, .2- OF __ ..._ ______ _ 

A B c D E F G H I J K L M ti 0 " Q R s 
WASTE STREAM 

PARAMETER Trl'~ M~NT BLOWDO#N CLeAHING 

IM'AKE 
CLARIFI- ION EVAPO- COOLING C!NlENS COllL PILE BOLER AIR PRE- BOILER ASH PONO 

... YARO 4 SANITARY 
NUCLEAR 

CA'T!OO EXCHAf!GE BDILl:.R COOLING ~TKlll FLOOR REACTOR 
w.<IER 

WASTES WASTES RATOR TO\tlER WATER DRAINAGE T\.SES HEATER FIRESID£ OVERFLOW 
D£VICES DRAIN';) WASTES CONTROL -- ---- - =-- ---=~--.:.....:. :=-=-==~--

I FLOW M/ 
168 .l• 6.15 9.46 " 0 ,, 118. l" DAY 

2 TEMPERATURE •c 

3 
ALKALINITY 
AS C•CO. "9( 4.2 - - - --

4 SOD Mt C:l - 3 - l c; 1 

5 COD "J( 20 - 440 0 0 "" c.n 

6 TS "J( 193 328 9507 53 8276 1aa 1R70l 

7 TDS "z '.166 215 lac;Q7 c;l l cac; l ':!Q l o"c;C 

B TSS "z 27 113 0 0 1381 "n A 

9 AMMONIA AS N "9( 0.5 0.3 0 0.3 0.21 0.89 0.23 
10 NITRATE AS N "z 0.23 2 .o• 4 2 0 6 33 n "' 0.56 
II 

PHOSPHORUS ",t 0 n n 0.5 AS P n c; ') -
12 TUR8101TY JTU 62 87 1.4 - 35 27 

; 13 FECAL COLIFORM 
ND,/ 

°""" 
14 AC IOfTY AS (A({), "Z 
15 TOTAL HARDNESS ~.z 44 42 8000 0 250 274 AS C..CO 22 
16 SULFATE ",{ 2.5 0 4.5 i28 .4 il '>ll J ;!') lO':!A 

17 SULFITE "J( I 

18 BROMIDE 
.,,, ! 

- """"-"---- ·- -
19 CHLORID£ "k 95 250 2050( 8.5 1250 65 !l.964] 

20 FLUORIDE "t 
21 ALUMINUM (J( 
22 BORON "Jc 
23 Ct1ROMIUM ;-,z 0 30 15 60 

I 
130 

l "" 
17 

24 COPPER ''X I 
25 IRON "9( I 

~ 

26 LEAO ~z 

27 MAGNESIUM "7 
28 MANGANESE 'X 
29 MERCURY 'Jc I 
30 NICKEL 'X 
31 SELENIUM 'X I 

----
32 VANADIUM 'Jc 
33 ZINC 'Jc 60 50 ~500 0 1750 u;o 43 - ------
34 OIL ~ GREASE "Jc I 

35 PHE"IOLS 'X 
36 SURFACTANTS "'x 
37 Al(•ICIDES "x 
38 SODIUM Mz 28 92 3200 74 970 12 h 6?1 
39 FREQUENO 

Y(~ 

208 208 "'" 
-- -- ---- ---- -- -- -- -- -- -- -- -- -- -- -- -- --
-- -- - ------ -- ·-- -- --- -- -- -- -- -- -- -- -- --

R E M A R K s 
Data Source: EPA Reqion II Office Files 

_.C_;_CilJ;iQ!l Demineralizer 
n· Tnt-,.lno W""'~- f~- T 

-
···--
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Cl-£M!CAL WASTE CHARACTERIZATION 
PLANT DAlA SHEET 

PLANT CODE NO. 3408 CAPACITY:~ii._ TABULATION BY ' SC 
FUEL: ~Iii & O;i,l DATE: 4-17-73 
AGE OF PLANT: SHEET NO . .!._ OF 1 

A B I c I D I E l F G I H I I I J I K L I M ti l o I p I a I R l s 
WASTE STREAM 

PARAMETER BLOWDONN CLFAl~ING 

I FLOW 

INTAKE =I- EXC~ BCMUR EVAPO- COOLING =: k:DAL PILE BOIL£R AIR PRE- BOILER ASH POND ~TIOI ~~: SANITARY ~'f~: 
~.J==="===o=o=.l,....,-=ER==*,;;WA;;;S;;;T(S~.;WA;;;S;;:m;;;;;,i,==,j::RA=ltlR=*=TOW=CR=*',;;WA~T;;,ER~DRA=INAGE=~'!UlE=S*-~=-EA~J·E-R FlRESIDE O\IERFLOW _!'.£~-'=DRAIN]":~~~ ·-~~ONT~ROl~--4===~==~==1 

I~ 3.78 tJ..0.9E 
2 TEMPERAT\JRE 0c 

2 2 0.5 
5 coo ll't 2 90 
6 TS "X 159 e420 787 
7 TDS ".lt 141 e422 765 

1 '7 22 
9 AMMONIA AS N ~ 0 
10 NITRATE AS N "7. 0.5 1.03 
II ~s "Jt 0.2 0.98 6.5 
12 TURBIDITY JTU 15 20 

'13 FB'.ALCOLIFtll!M~ : 

14 ACDTY AS C.CO, "t' 
70 352 0.4 

16 SULFATE ".z 27 23. 7i i 
! 

18 BROMIDE 1~ I : 
17 180 

20 FLUORIDE l"5t 
21 ALUMINUM t.Z 

23 CHllOMIUM :.z 0 0 2 
24 COPPER !•;r 
25 IRON "9( 

26 LEAD •z 
27 MAGNESIUM 11'7, 

28 MANGANESE ',Z 
29 MERCUl!Y •;c 
3Q MCKEL '~ 

31 SELENIUM '?:lXl=_JL _ _L _ _jL _ _J.__-f __ -t---+--+---l---t--+--1--+--t--t---t--t---t-1 
~~.;;;,~-;r~~J_ _ _J __ ..J_ _ _j. __ .j.__-J-__ t----+--f---+--1--t----t--t---t--t---t---jr---t--~ 
33 ZINC ".Ji'. ., A 

------------------____ , _________ _ 

R E M A R K s 
Data Source: EPA Reaion II Office Files 

·---
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CHEMICAL WASTE CHARACTERIZATION 
PLANT PATA SHEET 

PLANT CODE NO. 3410 CAPACITY: 491 MW (7471 MWHr/day) TABULATION BY:_S_C~--------

FUEL: Coa 1, Gas OATE: _4._-_1=6_-_,_7-=3------------

AGE OF PLANT: SHEET NO . ....l._ OF~~--------

A B c D E F G H I J K L M t·I 0 " Q R s 
WASTE STREAM 

PARAMETER 
W~ER 

TRF MFNT BLOWOOWN CLFANING 

INTAKE CLARIFI- ION EVAl'O- COO UNG CCUJENS COO.L PILE ~LER AIR PRE- BOILER ASH PONO 
AlR YARD & SANITARY NUCLEAR 

(ATl(J.j EXCHA..::.E ernLLR COOLING RJLWTIOll FLOOR REACTOR 
"'1ER 

WASTES WASTES RATOO TOll/£R WATER ORAINAC£ n&:S HEATER FlRE5'DE OVERFLOW DEVICES DRAINS WASTES CONTROL 
·-. ~-- -·~r-=-~" -__:=----:....:..:,--

I FLOW M'/ 8 -:n 7(; ca < hC<:,?7 Re;? ?7?r=. DAY 

2 TEMPERATURE •c 

3 
ALKALINITY "Z AS C.t.CO 63 65 <nn inn ?(; n n () Ll() 

4 BOD MY.:' 2 2 9 l 0 6 6 n i; 

5 COD M.9( 
4 3 1q 4 ~()JI, ?n ?nn n , l 

6 TS "J( l 7c; l c;c; R<n Ll?c; ~624 ~350C 7000 0 11 Qc; 

7 TOS "z , "" 14? 7Rn 41 c; D<41 ~nnn lt:nnn n 11 c;n 

8 TSS Mz R 7 JI(\ ., in r?200 7nn n "'' 9 AMMONIA AS N "J( ?l 1 ()Ll 1 () nc; JIC: ~ 7C: 
() " n '.IC: 

10 NITRATE AS N "7. 1 .4 1 6 6 6 ()R ?Ii I'.! ?c; 4 n 11 c;4 
II PHOSPl-ORUS ",Z AS p , n ? n c; ~~ .,, ()'.) h c;7 '.) " In 1 c: 

12 TURBIOITY JTU n ?n - '.!()() c;nr c;nn r\ .,JI 
! 13 FECAL COLIFORM NW 

"""' 
14 ACIOfTY AS C.1.CO, "3( 
15 TOTAL HARDNESS ~x AS UCO 100 102 475 ~500 bOOO 103 

16 SULFATE ",{ 12 10 t2200 60 3.8 n.200 2000 0 10. 
17 SULFITE "X ' 
18 BROMIDE ~ 
19 CHLORIDE "t 15 13 70 5 ionc; in in n 1n 
20 FLUORIDE "5( 
21 ALUMINUM t,Z 
22 BORON "z 
23 C"ROMIUM ;-,z 0 c; 0 c; '.) 4 1 .,cc: n<nnn Rn n 7c; 
24 COPP[R 'Jc Rn r=.n <On , 11 rnnnn () - -
25 IRON vl()3 "Y. in n< 425 --l)? ~? n ?no_ µs._o_ n 1 25 
26 LEAC 'Z 
27 MAGNESIUM "Jc 1 () 1n AO 1000 .1 <nn 1., 

28 MANGANESE ·;r 
29 MERCURY '?c 
30 N1CKEL '% , <n 1c:nnn "nn () ., 
31 SELENIUM ·x 
---~ 

32 VANADIUM ·,z 
33 ZINC 'X .,()() '.)()() QC:() 1 ()() 21nnr ,c;nno lonnn 0 216 
34 OIL & GREASE Ml( 
35 PHE"IOLS 'X 
36 SURFACTANTS "x 
37 ALGICIOES "x 
38 SODIUM Mz 9 - l3690 420 7 7 7 
39 FREQUENC't YC' 

90 300 1/2 12 2 /vR 

-- -- ---- -- -- -- -- ------ ------ -- -- -- -- --
-- --,_ ------ -- -- -- -- -- -- -- -- ---- -- -- --

R E M A R K s 
". T-."--,lro &-- hr\; 1.oV" hl - -~ --
~- T""+-""llro ./=",,,. ,-.1,.,..~n'nn w;::i,..,+-.-. c::+--------

------
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Ct£M!\AL W8Sl!:. CHARACTERIZATION 

PLANr COOE NO. 3414 
PLANT 06.TA StEET 

CAPACITY: 520 MW,10383 MW Hr./da}ABULATION BY: _ __......_ _______ _ 

FUEL: Oil DATE: 4-17-73 
/;(!£_ OF PLANT: SHEET NO . .!.__ OF-=l ________ _ 

A 8 I c I D I E I F I G I H I I I J I K L M I H I 0 I " I a I R I s 
WASTE STREAM 

FAAAMETER 00 J'iNT BLOWOONN CLFANING 
INIM£ CLAAIFI- ION EVAPO- CXJOllNG CINlENS ~PILE BOOL£R BOILER IASH FOND 

AIR YARD & SANITARY NUCLEAR 
CATICW EXOWIGI BaU.R COOLING AIR PAE· POLWTIOI FLOOR REACTOR ""'EA WASTES ,....sm; RATllA TOW EA WATER OllU>Wl£ ~ HEATER FIRESIDE OVERFIDW DEVICES DRAIN!> WASTES CONTROL 

1':.{ 
.... - -·-== ~---- ...:_: ____ ; .. :.: ---- --

I FLOW 227 2007 45 1571 163 
2 TEMPERATURE •c 

3 ALKALINITY "9C , o:; 11 AS,._,.,. o:;o:; ?<; 467 11 nn o o 
4 BOO Ml" 

l 56 l 0 "'" 6 o 1 
5 coo '"'II' ; 4 4398 34 3 3209 20 0 l 
6 TS 

L 200 9245 1698 25 1010( 1350( 0 40 
7 TDS M{ 137 16° 1161 20 60( 900( 0 27 
8 TSS ... 

10 908( 8! 20 l4E 220( 0 2 
9 --ASN 0.15 P.40 l.2' .05 15.3 2. 7! 0 .03 
10 NlllATE AS N l.25 2.0 10.6' .02 1.1~ 4.2! 0 0.3 
II PHDSPHOA\JS .01 0.3 0.01 6.58 2.1 1.5 0 .003 1.~ p I' 

12 TlfiiOITY JTU 5 500 100 50 392 500 0 5 
13 Fl[AL CDURIRll NCV -
14 ACDTY AS C.C0. .,,. 
15~~ ~ 100 120 R4Q 41' 1;1o:;nn 0 ?0 
16 SU.FATE ~ 18.3 23.~ 1388 0.1 "10.B 1200 0 2.6 
17 51.UlT[ r>.'. I 

I 

18 BROMIDE ~ I 

19 CHLOAll£ r.;r -:ii:; .,,,_n ':1 'lA n " t7Aan 10 o 7 

20 FWOlllO£ ~ 
21 ALUM- ·.z 30 !(B2ll 
22 BORON "'7. 
23 C""°"llM ".Z 20 13000 1170 5 670( 130( o· 4 
24 COPPEii ·x 10 570 86 5 (I24) 500( 0 2 

25 IRON 
..,,, 

50 a300C 430 50 (I25) 600( 0 10 

26 LEAD "!i'. 
27 MAGNESIUM "'-' 13 11 110 0.2 7 100( 0 3 

28 MANGMESE ")t 
29 MEACIJAY •Jc 
30 NO<EL ·x 10 625 5 13520( 150001 0 2 

31 SEWOUtl "J( 
32 -..otW t 
33 ZINC ·x 10 k1170 RI'> c; 11Qoor c;oor 0 -:in 

34 OIL & GREASE MJ.-

35 --· 
"7. 

36 SlflFM:TANTS MJ( 
37 ALOICIDES MJ( 
38 SODIUM ~ 8 25 1329 14 1414 7 0 ') 

39 FREQUENCY 
.. , 

365 365 30 l 6 _,,.,,. 

---- -- -- ------ ------ -- -- -- -- ---- -- ----

I -- -- -- -- -- -- -- -- -- -- -- -- -- ---- --I-----

- R E M A R K s 
..... _..__ ~-.... - .......... ! ... 'DJI. o-~; -- TT 1"14'4'; -- ,,. 1-~ 

n· T"+--"'lrA '"'""+-o~ f'n~ .,,,,; 1 -- " 1 ---.>-··-.... T_..__ .. __ r.'I_.._..,._ ,.f!,...,.. ... _ "1-- rn...'L-..-.. ,.,, ___ ;_,.. 

B21: 160000 
I24: ?nAOOO 
T?O:: • o:;-:i'>nnn 

-----
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PLANT CODE NO. 

A 

PARAMETER 
INTAKE 
WATER 

I FLOW ~ 
2 TEMPERATURE •c 

3 
ALKALINITY "9( 0 AS c ... co 

4 800 Mt 0 

5 coo Mr 0 

6 TS Mfa( 0 

7 TDS Mt 0 

8 TSS M,Z 0 

9 AMMONIA AS N Mr 0 

10 NITRATE AS N Mt 0 

II PHOSPHORUS 
Mt 0 AS P 

12 TUR8101TY JTU 

: 13 FECAL COLIFORM 
NO,/ 

°""' 
14 AC IOITY AS (A.(0, Mz 
15 TOTAL HARDNESS ~.z AS C.CO 0 
16 SULFATE "{ 0 

17 SULFITE MJ( 
18 BROMIDE ~ 
19 CHLORIDE Mt 0 

20 FLUORIDE "{' 
21 ALUMINUM (Z 
22 BORON "Z 
23 CHROMIUM .'X 0 
24 COPPER :-.z 0 

25 IRON '9( 0 
-

26 LEAD ,,9c 
-
27 MAGNESIUM "7. 
28 MANGANESE x 
29 MERCURY 'Jc 
30 NICKEL ':C 
31 SELENIUM 'X r-- -----
32 Y.ANAOIUM 'X 
33 ZINC 'Jc 0 r-- ~---- MJc 34 OIL t GREASE 

35 PHE"JOLS 'X 
36 SURFACTANTS ",Z 
37 ALr,1c10Es "x 
38 SODIUM ".Z 
39 FREOUENC'r 

Y(' 

/YR 

--

---

C: Averaae of 

·--~----

3412 

B c D E F 

CHEMICAL WASTE CHARACTERIZATION 
PLANT PATA 9-fH

05 
CAPACITY: 1114 • 5 MW 

MW Hr./Day 
TABULATION BY' ___ s_c __________ _ 

FUEL: Coal, Oil & Gas DATE: _____ 4_-_1~7-_7~3-----~ 

AGE OF PLANT:-------- SHEET NO . .!...__ OF_2 ________ _ 

G H I J K L M t-1 0 p Q R s 
WASTE STREAM 

W~ER TRt MENT BLOWDONN CLFAl~ING 

CLAAIFI· ION EVAPO- COOLING c£NJENS COO.L PILE BOILER AIR PRE- BOILER [Ast< f'ONO 
AJR YARD & SANITARY 

NUCLEAR 
CATICl; EXCHAM:".E BOILl:.R COO UNG POLLUTIOi' FLOOR REACTOR 
WASTES WASTES RATOR TOWER WATER DRAINAGE l\.llES HEATER FlRESIDE Ol/ERflDW 

DEVICES DRAIN$ 
WASTES CONTROL 

--- - ~-- - ---- ;=.= -- ~ ~-=~-

303 

0 

0 

0 

5375 

5070 

20 

435 

0 

0 

10 

0 

6930i i 
I 

: 

0 

0 
I 

0 

1980 

I 

I 

0 

I 

1752 

=I~ 
-- -- -- -- -- -- -- ------ -- -- -- -- --

-- -- -- -- -- -- -- ---- -- -- --

R E M A R K s 
two condensate ion Exe ha nae Waste s reams Data Source: EEi\ Region J.J. u:n:ice J!'lJ.es 

-------
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PLANT CODE NO. 3412 

A B c 

"" ~':ru-PARAMETER 
INTAKE CLARIFl· ION 

CATOI EXCHANGI WOJ[R 
WASTES WlSllS 

M'/ I FLOW 
'~· 34.0 189 

2 TEMPERAlURE •c 

3 ALKALINITY 
~ AC AS,._,_.. 4'7 2'70 

4 BOD MY. ? 2 1? 

5 coo X' 4 3 54 
6 TS ~ 129 150 774 
7 TOS "z 108 ill<; l'.4R 
8 -r;s M~ 7 15 42 
9 AIM:JMAAS N ~ 0.14 0.25 .84 
10 NITRA.1£ AS N "'7. 0.19 0.2 11.14 
II 1 ~IOl\JS r,r 0.03 0.03 0.18 
12 TUllBdllTV JTU 2 20 1? 

: 13 F'e:Al a>LIFCRM NCV ..... 
14 ACOTY AS c.c:o, "5t' 
15';,~~ "Ji'.' 52 55 312 
16 SUI.FATE ~ 15 18 9947 
17 SUlfJTE iX 
18 BROMIDE ~ 
19 Cl«.ClRU r"J' 27 27 162 
20 FUJORIDE ~ 
21 AW- t.Z 
22 BO- r.z 
23 '""°"'"" :·.t 10 10 60 
24 COPPER '"Jc 260 260 11560 

~ ·- ,"Y. 150 150 900 
26 LEAD ·z 
27 MAGNESIUM "'~ 5 5 30 
28-SE rx 
29 MEAClBf ·;.: 
3Q NICKEL '} 10 10 60 
31 SELEMUll ·.z ......_ ----

"'.Z 32 \INIADIUll 

33 ZINC ·x 10 10 60 
34 Oil. & GREASE "'7. 
35 PtEt«>L.5 "'7. 
36 SIMF>C!ANTS "'J( 
37 ALr.1C1DES "'J( 
38 SODIUM "Z ~, "!<; 1 n"A 

39 FREQUENC> v" <;? ?Or ,.,.. 
-- I= 

0 E F 

Cf-£MICAL WASTE CHARACTERIZATION 
PLANT D6.TA SHEET 

CAPACITY: 1114 MW I 13 205 MW Hr. ;(4ll!iyATION BY: __ _.S:..:C:..._ _____ _ 
FUEL: Coal 1 

/lGf. OF PLANT:--------

Oil & r-as O~E=---=---~4~-~1L7-_7~3,__ ___ _ 
SHEET NO. 2_ OF __ 2 _______ _ 

G H I I J K L M t·I 0 p Q R I s 
WASTE STREAM 

BLOWDO.VN CLFAl~ING 

ElllPO- COOLING CWJENS 
~L PILE AIR VAAO & NUCLEAR 

llOILlR COOUNG 
BOILER AIR PRE- BOILER flSH FOND l'OLWTIOll FLOOR SANITARY 

REACTOR RATOR TOWtR llAllllAllE 'IU!ES HEATER RRESIDE CMRFLOW WASTES WATER DEVICE; CRAIN~ CONTROi. 
-·-- . - =-- ---= p.=-: - ..:...: r---___,:_;..--

1514 2272 9574 

7 0 87 106 

0 6 2 3 

2000 200 306 193 

3000 2200( 1 '.)A"., RQ0'7 

2800 11750( H982 8654 

25 220C 135 4~ 

2.5 E 17 3.6 

0.06 4.5 3.4 
.01 2.0 .8' 

25 500 ?2 

8 5750 2050 11314 
1450 i 380 228 

! 
I 

: 

11.500 0978 7407 14992 

105 30 

I 300 112ooc 57 170 

l lC 9 10 

[(125) [(J25 J 651 [1.130 

11200 394 238 

I 
17500( 122 I 176 

i 
! 

4 500( 40 5~ 

I 

42'7<; ?c;c;n 7c;c;o 

i., 12 300 

-- -- -- -- -- ---- -- ------ -- ~- -- -- --
-- -- -- -- -- -- -- -- -- -- --

R E M A R K s 

n~+-~ "'-··--- ' 
li':'DZt. n .... ,...; ,..,.,. TT n~•.; ,..a It'' 1 OC'!' 

Q: Intake for Ai.r P.reneater cieaning and Ash Pond 

T'lC I Annnno 
.T'l<; • 17y1nb 

··- ---
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CHEMICAL WASTE CHARACTERIZATION 
PLANT PATA SHEET 

PLANT CODE NO. 3413 CAPACITY:600 MW, (5598 MW Hr./DaYTABULATION BY: __ s_c _______ _ 
f'UEL: Oil & Coal DATE: 4-17-73 
AGE OF PLANT: SHEET NO . ..!...__ OF_2 ________ _ 

A B c D E F G H I J K L M t·I 0 p Q R s 
WASTE STREAM 

PARAMETER TrlE ~~NT BLOWDCNJN CLFAl<ING 

INTAKE CLARIFI· ION EVAPO- COOLING Cf.NJENS COAL PILE BCllLER AIR PRE- BOILER ASH PONO 
AIR YARD 4 SANITARY 

NUCLEAR 
CATO! EXCHAflGE BOIU.R CO DUNG POLLUTICJI F'LOOR REACTOR 

""'ER WASTES WASTES RATOO TOWER WAHR DRAINAGE: TUBES HEATER FlRES<DE OVERFLOW 
DEVICES DRAINS WASTES CONTROL 

-- - =-- --·=--....::......: ~..::=----=:....:: --
I FLOW M/ 76 46 265 DAY 

2 TEMPERATURE •c 

3 
ALKALINITY 
AS C•.CO "Z 85 310 5 410 0 

4 BOD Mt 2 9 0 6 0 

5 COD Mr 5 23 3 () 205 0 

6 TS M,z '254 1168 10 P. 4736 0 

7 TDS Mz ~ 138 635 5 ffi 7790 0 

8 TSS M~ 0.1 0.5 5 
~ 

~ 
820 0 

9 AMMONIA AS N Mr .04 0.19 .05 ~ 1.28 0 

10 NITRATE AS N M,Y 0.30 5.15 .02 
'<; 

1.11 0 

II PHOSPHORUS ~ .01 0.05 0 a .07 0 
AS P 

12 TURBIOITY JTU 0.3 100 .03 t1 500 0 
C1l 

! 13 f'ECAL COLIFORM NCV 11 0 
""'" 

14 ACIDITY AS (A((\ Mz ;; 
15 TOTAL HARDNESS ~.z 115 529 ~ 932 AS C.CO 

16 SULFATE M{ 14.5 170 0.1 1200 0 

17 SULFITE M,z 
I 

18 BROMIDE ~ I 

19 CHLORIDE Mt 52 241 0.5 52 0 

20 FLUORIDE Mt 
21 ALUMINUM i'Z 
22 BORON Mz 
23 CHROMllJliil i"Z 20 92 5 I 1300 0 

24 COPPER ·x 20 92 5 5000 0 

25 IRON ~ 10 46 50 6000 0 

26 LEAD ·z 
27 ,_.AGNESIUh' M{ 7 32 0.2 191 0 

28 MANGANESE -~ 
29 MERCURY "Jc 
30 NICKEL ·:c 10 46 5 '50000 0 

31 SELENIUM 'J( - ----
32 VANADIUM "Jc 
33 ZINC ';\'. 150 690 5 5000 0 - ~--

34 OIL & GREASE M,z I 

35 PHE,OLS '7 
36 SURFACTANTS Mx 
37 ALC·ICIOES Mx I 

38 SODIUM ",Z 36 2225 14 986 0 
39 FREQIJENO 

\'( 

360 35 /YR 

-- I= -- -- -- -- --- ------ ------ -- ~- -- -- --
-- -- -- -- -- -- -- -- -- -- -- -- --

R E M A R K s 
D: Boiler Blowdown Unit 7 & 8 Data Source: EPA Reaion II Office Files 
0: Int"'""" for D 

-

····--
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Cf-EMICAL W6,STE CHARACTERIZATION 
PLANT 06.TA SHEET 

PLANT_ CODE NO. 3413 CAPACITY: 600 MW,5598 MW Hr./dayTABULATION BY1-=S..:;C ___ __:·-.:..···'-' ._, _.'t',..,L1'--' --

FUEL: Coal & Oil I DATE: ___ __;4~-...;1:::..7!..-...;7~3:..._ ______ _ 

AC£. OF PLANT:-------- SHEET NO.~ OF-A--------

A L I M l r 1 I o I p, I Q I R l s 
WASTE STREAM 

WA FR 
BL.OWDO.VN CLFAl-JINC. .~ ....... 

=I· £)((Hic:a BOlllR EVAPO· CDOLING ~~ ~l PILE BOILER AIR PAE• BOILER ASH FllNO l'Ol~TIOll ~"i:: SANITARY ~~~ 

10 

WASTES *5lES RATOR TOW CR WATlR lllNIAGf 1UlES HEATER FlRESIOE O\IERFLOW DEVICES DRAIN> WAS TES CONTROL 
.--.J==---=;;;r.t--+====+-====*===1-==*'===l=~==?·~- ---- ~-- - -~== .. -~..,-~~- '~==lo==?=~ 

0 850 
0 20 
0 50 

0 ~540 

0 380 
0 1 
0 0.4 
0 3.0 

0 35 

0 10 

0 150 

16 SIA.FATE I?.'. 0 145 

17 SUJITE "J( ! 

18 BROlllDE ~ ' ' 

19 CtLOAU "X 0 523 

22 BORON 7. •' 
-

0 23 ChROMIUM :·x 200 I 

24 COl'Pal :·x 0 200 

~ IAON 'l. 0 100 
26 LEAD ·z 
27 MAGNESIUM "7. 70 
28 >WC.ANES£ "5r 
29 MERC\Rr •Jc 
3Q NICKEL •;- 0 100 

31 5El£MUM '7,~~1----1---l----+--+---+--+---+--t----t----1f--+---t--t------t--t----t---1r----t-"I 
32 ~·x1L]_ _ __j __ _(__-4--+---+--+----+--+---+---f----t---t--t---t--t---t--t----t-""i 
33 ZINC "5r 0 500 
34 Oil & GAEASE "'7. 
35 Pt£'«ll.S 11'7, 
36 SUllfACTANTS "J( 

I 

37 Al<•ICIOES IMJ{ 
38 SOOlJM ~ 0 361 

39 FREQUENCY P" 60 ,,.,.,. 

-- -- ---- ---- -- --
-- __ ,_ ------ -- --

R E M A R K s 
D: Boiler Blowdown Station A 

T'\!!11.+.!!ll ,.. __ ., ___ • 
'C'Dn.. n ......... .: -- TT l"'\&.C:O:-- 'CIO: 1 -u .. .£.j:\')8_ 

,) L•J.' i,'~ 

----
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Cr£MICAL WASTE CHARACTERIZATION 
PLANT [)6.lA SHEET 

PLANT CODE NO. 3411 CAPllCITY:329 MW, 2855 MW Hr./dayrABULATION BY,_.:s;.;c'----------
FUEL: Coal, Oil, & Gas DATE: 4-17-73 
AGf. OF PLANT: SHEET NO. 1.._ OF_l ________ _ 

A B c 0 E F G H I J K L M t·I 0 p Q R s 
WASTE STREAM 

PARAMETER TrP~ ~NT BLOWOO.VN CLFAl~ING 

INTAKE CLARI Fl- ION EVAPO- COOLING CCNlENS ~PILE BOILER AIR PRE- BOILER ASH PONO 
AJR YARD & SANITARY 

NUCLEAR 
CATJCl\I EXCliANGI BOILlR COOLING POlWTO FLOOR REACTOR 

W<TER 
WASTES WASTES RA!a< TOW(R WATER Oll.UIAGE n.a:s HEATER FlR£SIO£ MRFl.OW OEVICES ORAIN':i WASTES CONTROl 

= ~---;- =-- -·--:::::== ~:=..:...::::__...::....::-::-

I FLOW M/ 568 1363 90.8 DAY 

2 TEMPERATURE •c 

3 ALKALINITY "JC 0 0 0 AS C•CO 30 340 
4 BOD Mt 1 0 1 1 1 
5 COD "J( 5 4 13 10 100 

6 TS ".Z 85 B500 6900 3500 i2000C 
7 TDS Mt 75 l200 1300 9000 500C 
8 TSS M,9: 5 300 2800 2200 60C 
9 AMMONIA AS N "J( 0.1 ).01 3.4 2.8 0.3 
10 NITRATE AS N M7. 0.5 5 .o 5-7 4.25 4.0· 
II PHOSPHORUS M,{ 0.0 29.0 2.0 1.57 1.3 AS P 

12 TUR8101TY JTU 3 20 500 500 lOC 

i 13 FECAL COLIFORM 
NQ/ 
OOM. 

14 ACIDITY AS UCO, Mz 
15 TOTAL HARDNESS 

AS CACO ~.z 46 300 4500 4500 400C 
16 SULFATE M{ 4 i 80 1200 1200 150C 
17 SULFITE Mx 
18 BROMIDE ~ I 

19 CHLORIDE .Mk 10 15 10 10 100 
20 FLUORIDE Mt 
21 ALUMINUM (Z 
22 SORON ~z 
23 CHROMIUM ;•,z 5 10 3000 3000 5000 
24 COPPER ·,z 150 300 - - 1500 

25 IRON "9( 150 300 125) (J25) (K25) >----- . ·z 26 LEAD 

27 MAGNESIUM M7 5 33 1000 1000 96G 
28 MANGANESE ~.t 

29 MERCURY ·x 
30 NICKEL ·x 5 125 '5000 '5000 
31 SELENJUM ·x - ----
32 VANADIUM ·.z 
33 ZINC ·.z 25 10( 5000 5000 ).OOOC - -· 
34 OIL t GREASE M~ 

35 PHENOLS ~x 

36 SURFACTANTS "x 
37 AlfolCIDES "x 
38 SODIUM M,z 5 5 5 50 
39 FREQUENCY YC' 2 8 ,...,R 

-- -- ---- ---- -- -- ------ ------ -- -- -- -- --
-- --,_ ------ -- -- -- -- -- -- -- -- -- -- -- -- --

R E M A R K s 
125: 1. 7 x 1ou n-.a...- ~-k---- • 1"t>ll "'--• -- TT f'\f'f'~ -- !;';1 <><> 

J25: l. 7 x 1ot1 
K25: 0.15 x 1ov 

··---
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Ct£MK:.AL l/iASTE CHARACTERIZATION 
PLANT 06."!A SHEET 

PLANT CODE NO. 3409 CAOOTY:650 MW, (8467 MW Hr./dCIYllULATION BY• __ s;;;.c;;;..._ ______ _ 

FUEL: Coal & Gas DATE: -----~4-_1_7._-_7.._3 _____ _ 
flt£. OF PLANT: SHEET NO.LOF_..,l _______ _ 

A B c D E F G H I J K L M M O· p a R s 
WASTE STREAM 

VYPi ~N- BLOWDONN CLFAl"'NG PARAMETER 
INTNC.E CLARIF'I- ION EIMPO- alOLING ClllllENS KDlL PILE ~FINI 

... YARD a NUCLEAR 
CATDI EXC>WC.11 llOILLA COOL.~G 

llOIL[R AIR PAE- BOILER PCLWTIOO 
SANITARY 

Wllr[A AAroA lOW[R HEAT EA 
FLOOR REACTOR 

WASTES lMlSm *TEA - TUIES - CMAFLOW DEVICES DRAINS WASTES CONTROL 

~c 
··-~ .. =---~ =-==--.. ...;....: ::,.;.;;;.---=....; 

I FLOW 7'i .7 <;,:; . R 170 R, lOR.R 
2 TEMPERAlURE •c 

3 ALKALINITY "9( 80 AS'·~ 400 15 1100 0 48 
4 BOO .. ,,.. 2 10 1 88 6 1 
5 COD r;r 4 20 3 3400 20 2 
6 TS "X 230 150 22 0000 3500 138 
7 TOS "z 220 100 19 7300 9000 132 
8 TSS 

.. ,,. 
5 25 3 150 2200 3 

9 ~ASH '5L' 0.1 0.5 0.1 14.0 2.75 .06 
10 MTRATE AS N "7. .46 2.3 .02 0.74 4.25 ~.27 

II PHOSPHOA\JS 
~ 1 5 3.25 4 1.57 ~.6 ~~ p 

12 TUA!UOITY JTU 5 100 10 370 500 0 
13 FECAi. CDl.IFOllM NCV -14 ACllfTY AS C.CO, I"'{ 
15~~ "X 115 575 .s 1080 4500 69 
16 SIA.FATE "Z 16 361 0.1 19 1200 9.6 
17 SlLFITE "X 
18 BAOlll0£ "L' 
19 CHI.ORI)[ "t 22 466 .OS 7500 24 13 
20 FUJOAlllE ~ 
21 ALUll- ,·t 
22 SOllON rx 
23 c..-u ... rt 5 25 1 5770 1300 3 

24 COPPEJI "X 65 325 6 (I24 5000 39 

25 lllON 
,.,,, 15 105 15 (I25 (J25 9 

26 LEAD ·z 
27 MAGNESIUM "7. 7 ""- 0.1 1CI? Cl7R " 28 llANGAHESE "~ 
29 llEAC\JR'r •Jc 
30 flllCJ<EL "} 2 10 7 I 0000 5000 2 

31 SEL.EMUM ·.z 
32 VNW>llA< ·,z 
33 ZINC -~ 80 400 1 I OQQQ 5000 48 

34 OIL 4 c.REASE "7. 
35 P>€1Q.S "7. 
36 SUIFACTANTS "x 
37 AL<•C10ES "Jc 
38 SODIUM '"C 5 277 1 900 7 2 

39 FREQUENCY A.' 360 50 , 12 

-- -- ---- ---- -- -- ------ ------ -- -- -- -- --
--,_ ------ -- -- -- -- -- -- -- -- -- -- -- -- ----

R - E M A R K s 
D: Intake Concentration ··zero·· Data Source: EPA Reaion II Office Files 
'[. e-:,-- ia .+-... ,.;" ... _.;..,. • "'"~'h ••~ 4 +- i" ,.,,.a\.--" 

successivelv 
Data a 1 Unit/Dav 

a. T,..+-,.1'0 -1'~¥ .,...,41.,.,.. .,,,,'ho 1"'1-~~4"~ 

124: .21 x 10" 
T.,S:: • c;. ,, in"' 

J25: 1.7 y 10" ··-~-

~ 
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PLANT CODE NO. 

PARAMETER 

A 

INTAKE 
WATER 

CHEMICAL WASTE. CHARACTERIZATION 
Pl ANT DATA SHEET 

3415 CAPACITY:l25 MW, 1341 MW Hr./DaYTABULATION BY• __ sc ________ _ 
FUEL: Coal & Oil DATE: 4-17-73 
AGE OF PLANT: SHEET NO. __.!.._ OF_l ________ _ 

B c D E F G H I J K M t·J 0 p Q R 5 

WASTE STREAM 

BLOWDCM'N CLFAl~ING 

~~t- Exc:t.a: BOILlR EVAPO- COOLING ~.~ ICflA,L PILE BOILER AIR PRE- BOILER !ASH POND ~TIOt y~: SANITARY ~'f~: 
WASTES WASTES RATOR TOWER WATER DRAIN.AG£ ll.eES HEATER FIRESIDE OVERFLOW DEVICES DRAJN':i WASTES COM'RCX. 

~I _j,,:FL=<M===;=MM"i'/=l,P...==*"==*===l=7=.=5=7*=7=5=.=7i===*===;====r===T'3=7~8-. > =-- -· -r= .. ~ ~-·- -- ====-*==*'==~===! 

2 TEMPERATURE °C 

~ 0.6 75 390 0 30 

4 BOO 0.4 5 4 2 

5 coo Mt 0.2 2 117 20 9 
6 TS 30 tl.677 3500 129 

7 TOS 20 tl.404 9000 108 

8 TSS 1.4 91 2200 7 
9 AMMONIA AS N MJ( 0 0 1.82 2.75 0.14 

IQ NITRATE AS N Mt 0 0 2.47 4.25 0.19 
I I :'':HOllUS 17.9 0.3~ 1.57 .03 
12 TUR8101TY JTU 0 2 2 500 2 

: 13 FECAL COLIFORM ~ 

10 676 4500 52 
16 SULFATE M.z 0 • 5 5.2 338 1200 26 

I 
18 BROMIDE "'t' 
19 CHLORIDE M.r 0 • 5 5 351 10 27 

20 FLUORIDE M9,:" 

21 ALUMINUM t.Z 
22 BORON M.z I 

23 CHROMIUM :-.z 0 . 2 2 I 130 650 10 

24 COPPER ~-.z 5 50 B380 2500 260 
25 IRON "'.( 3 30 tl.590 3000 150 

26 LEAD 'Z 
27 MAGNESIUM "{ 0 • 1 1.2 78 1000 6 
28 MANGANESE '.z 
30 NICKEL '),:' 0 . 2 2 130 5000 10 

~ ~:~~-x~~'-ll---1----+--+----+---+---1----+--+---+---+--+---+--+---+---+--+-~-+~~+--~, 
32 VANADIUM ".z 

~--1----+---+--+---+---+---l---+---+--+----+---+--+----+---+--+----+---t--; 

~~----- '.Z 0.2 10 2500 130 6 
34 OJL t GREASE M;r 

35 PHE"lOLS 11-;r, 

36 SURFACTANTS "X 
37 Alf·ICIOES "X 
38 SODIUM Mz 0.6 6 403 33 31 
39 FREQUENC'I' 

Y('S 

330 300 4 /vR 

i __ , _________ --

R E M A R K 5 
O: Intake Water for Evaporator Blowdown and Data Source: EPA Reqion II Office Files 

Air Pr~r Cl,,anincr. 

·-·---
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Ci-:E:MICAL WASTE CHARACTERIZATION 

PLANT CODE NO. 3416 
PLANT Ot;TA SHEET 

CAPACITY: 740 MW,10525 MW Hr./DafABULATION BY: __ s_c _______ _ 
FUEL: Coal & Gas DATE: _____ 4.:..-...:l::.;7:,_-_;7.;;3c__ ____ _ 

AGE OF PLANT:-------- SHEET NO . .!:___ OF_l ________ _ 

A B I c D I E I ;:- I G I H I J K L M I H I 0 ? a R s 
WASTE STREAM 

w• .... 
BLOWDO.VN CLFAhJING PARAMETER ·~" ~ ... -

INTAKE CLARIF1- ION 
EVAPO- tooLING CCNlENS 

Kl>OL PILE BOILER BOILER !ASH POND AIR YARD & SANITARY NUCLEAR 
CAn::tl EXCMA<G: BOILlR COOLING AIR PRE-

POLLUTIOI FLOOR REACTOA '"'1'ER 
WASTES ""'STES RATOA TOW CR WATER DAAINAUE 1\AlES HEATER FlRESlDE O\IERflDW 

0£VICES DRAIN$ WASTES CONTROL 
M/ -··- - . 

113ioc 
----:= ;.::;..::.:..- . . · . ..: ?-=.:::~ ;:=--

I FLOW ru,y 95 757 9806 
2 TEMPERATURE •c 

3 ALKALINITY 
~ 20 31 0 AS c..co. 40 174 10 125 18 25 

4 BOO MJ.' 
2 q n 0 7 4 1 5 0 

5 coo "'t 4 17 2 5500 27 3( 2 45 0 
6 TS "X 150 650 5 ~3800 380 18( 75 203 0 
7 TOS ".t 131 568 5 ~2300 250 120 65 230 0 
6 TSS M7, 5 22 5 150 40 60 2.5 20 0 
9 AlrMM:ltAA"-S N "5r' O.lE 0.69 O.l 2.0 0.5 0.3 .OA 0.'l'I n 
10 NITRATE AS N "'7. 0.5. 2.25 .01 0.75 2.05 - .26 1.26 0 
II PHOSPHOAUS 

~ b.03~ 0.14 .01 .n1" lo og nH; n io n AS p -
12 TUllBIOITY JTU 0 100 10 100 90 40 0 ?7 n 

; 13 FECAL COLIFOllM .':' 
14 AClllTY AS C..CO, ~ 
15~~ r.t 90 390 250 1011 , c;c; n 
16 SULFATE ~ 12 848 iO.l 6.0 123 i 15 'i.A , ., .A 0 
17 SLUITE '.Z' I 

: 

16 BROlllOE ~ 
I i I 

19 CHI.OREE "t 20 285 0.2 1930C l'i l ') in 13 0 
20 F'LUORIOE ~ 
21 Al.UM ..... .. ).:' 
22 BORON ~,z 

23 '""°"ll"' :".t 500 2168: 101 300 75 75 250 75 0 
24 COPPER :·x 32 138 20 I CI24' 105 100 16 100 0 
25 IRON "9( 113 490 50 ICI25' 480 500 6_7 455 0 

1-- ·z 26 LEAD 

27 MAGNESIUM "7. 6.9F 30.2 - 17 ?l 

26 MANGANESE .z 
29 MERCI.In' •Jc 
3Q NICKEL 1'% 16500( - 2 
31 SELEMUM ·x I - -- ·.z I 32 VANADll.M 

33 ZINC ·;r 200 864 lo' 15500( 200 i:;o 100 '>0 n 
1-- -· "7. ' 34 OIL & GREASE 

35 PHE~LS "'7. 
36 SURFACTANTS "'x 

MJ( ' 37 ALr•lCIOE5 

36 SOOIUM ";( 5 238 l 742~ 88 h ., <; in 

39 FREQUENC> 
Y(, 

40 180 360 
"'" 

-- -- -- -- -- -- -- ---- -- -- ~- -- -- ---- -- ----
---- -- -- -- --- -- -- -- -- -- -- -- -- ---- --1---

R E M A R K s 
Data Source z EPA Reqion II Office Files 
('\o Tn+-.""'t.. ..... T'.T-..&- .... - ~ ..... - u"; ,..,._ rn.-'-- r1---.: ... rr 

j; • T-.£....,'t,_o ur.,...f-.av for Ai- ......_ __ , __ -i+-o'V" r1.c..,...,.,,;,..,rr 

!":• T,..,+-::llro 1'.at ... +....,......., -F,.,,.,... Qn.: 1 ,,,...,. 'P.1 -.._ • ..:J -- --

T'>A • 1 Q<; v 1 n6 
T?<; • < ~ x i n° 

------
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CHEMICAL WASTE CHARACTERIZATION 
PLANT PATA SHEET 

PLANT CODE NO. 3514 CAPACITY: 2162MW(4129945 MW Hr./TdilCJ~ATION BY: __ ....,s::-c-=-==------
FUEL: Coal DATE: ----::---;-5-_2_-_7_3 _____ _ 

AGE OF PLANT:-------- SHEET NO. ____!: OF __ l ________ _ 

A B c D E F G H I J K L M t·I 0 " Q R 5 

WASTE STREAM 

PARAMETER TJI~ ~~NT BLOWDCM'N CLFAl~ING 

INTAKE CLARIFI- ION 
EVAPO- COOLING CGUNS µ...L PILE llaLER AIR PRE- BOILER ASH PONO 

AJA YARD & SANITARY 
NUCLEAR 

CATOl EX CHAN'."£ BOILlR COOLING FOLWTIOI FLOOR REACTOR 
"'°ER WASTES ""STES 

RATOA TOW[R WATER DRAINAG: TLEIES HEATER FIRES.Of OVERFLOW DEVICES DRAINS WASTES CONTROi. 
-·· - -=-- ---..=";=...= . ..:.._: r=--=--=-== . - ·-

I FLOW M/ 
11 Q<;7< 1086~ OAY 

2 TEMPERATURE •c 

3 
ALKALINITY "9( 99.21 100 543 AS u,m. 

4 BOD Mt 8.6 12. 53 

5 COD Mt 7.4 21.( 

6 TS M.z 
7 TDS "{ 391 891 ~235 

8 TSS Mz 425 s. 78 88 

9 AMMONIA AS N "J( 
10 NITRATE AS N M7, 

II PHOSPHORUS ".Z AS p 

12 TUR8101TY JTU 

: 13 FECAL COLIFORM NW -14 ACIDITY AS UCO. "JC 
15 ':.'sT'?.~ ~.z 

16 SULFATE "Jc 144 464 i 590 
17 SUL.f'ITE "J( i 
18 BROMIDE ~ I 

19 CHLORIDE "k 13 62 86 

20 FLUORIDE IM~ 

21 ALUMINUM 'X 
22 BORON "z 
23 CHROMIUM 'X I 

24 COPPER 'Jc 
25 IRON "9:' 
26 LEAD 'Z 
27 MAGNESIUM "7. 44 159 'i4 
28 MANGANESE Jc 
29 MERCURY 'Jc I 
30 NICKEL '% 
31 SELENIUM 'X I 
~ ----
32 VANAOIUtr.4 'X ! 
33 ZINC 'J( 
~ ~ 

34 OIL & GREASE ":t 
35 PHEJ\JOLS 'X 
36 SURFACTANTS "J( 
37 ALr.IC!DES "Jc 
38 SODIUM ·;c 
39 FREQUENCY YC' 

"'" 
-- --- -- -- ---- --- --- -- -- -- -- ---- -- -- -- -- --
-- --I------- -- -- -- --- -- -- -- -- -- -- -- -- --

R E M A R K s 
Data Source : Draft Southwest enerov studv water 

pollution aspects, Off ice of Water 
Programs, Ottl.Ce ot Research and 
Monitorino EPA 

t•: lHOWdOwn from Tne bul..ldup or 
total-solid required the blowdown of the lake 
whenever total solid exceeds 900 PPM four 
times vearlv to date at a rat.<> of about 1800 ---
acre ft. fen~ t;mo" .. ~~-lv 
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Ct£MICAL WASTE CHARACTERIZATION 

PLANT CODE NO. 3618 
Pl MIT [)A.TA SHEET 

CAPACITY: 200 MW TABULATION BY: __ ___.s!..l.:.... ______ _ 
FUEL: caa l, a; l & r..as OATE: 4-18-73 
AGE OF PL.ANT:-------- SHEET NO._..!_ OF-.!2~--------

A B I c l D E L I M I M T 0 l P, I Q I R T s 
WASTE STREAM 

BLOWDONN CLFAl~ING =- £XCH'°!'.c.i BOILlR £\!APO- COOLING ~1~ io;i.L PILE BOILER AIR PRE- BOILER ASH PONO ~TIOI ~":o: SANITARY ~~~; 
WASTES W"STES RATllR lOWCR WATER DRAINAGE lUlES HEATER ARESIOE OVERFLOW DEVICES DRAIN> WASTES CONTROL 

.---t===-=T.'"""-=¥;;;;;~.,;;;;=~==\,==~==l=~=='1====l===l=--~~ ~----~r= .. "·· ~"'~ --~~~~==l===?===I 
lcl,94 145. 

la,; c; 123 .a 
0 0 
n 0 

1000 11000 
1000 I l1nno 

0 n 

0 0 
0 0 

4.88 14.89 

0 0 

15 I i 40 
I 
I 

I : 

60.6 1182 •' 

34 OIL & GREASE "7c 
35 PHEllMJLS ~ 
36 SUl?FACTANTS "J( 
37 ALr.1c10ES "Jc 
38 SODIUM ~ 0 118 

39 FREQUENCY 
... 
""" 
-- __ ,_ ------ -- --

R E M A R K s 
n~+-~ - ---- ~• T'\.-- • -- TT -.-:&.: -- ~,;, --

J 

n: a~il<>r Blowdown #6 
O: Boiler Slowdown #5 

----
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CHEMICAL WASTE CHARACTERIZATION 
PLANT DAlA SHEET 

PLANT CODE NO. 3618 CAPACITY: _2_0_0_MW~-------
FUEL: Coal, Oil & Gas 

TABULATION BY: ___ =.s..=.c,,_--=-,,..-----
OATE: _______ 4_-_1_6_-_7_3 ____ _ 

AGE OF PLANT:-------- SHEET NO. -2_ OF __ ;;;.2 _______ _ 

A B c D E F G H I J K L M t·I 0 D Q R s 
WASTE STREAM 

PARAMETER nl'f ~~NT BLOWDCWN CLFAhJING 

INTAKE CLARIFI- ION EVAPO- COOLING cCMJENS 
~L PILE BOILER AIR PRE- BOILER f'.SH POND 

AIR YARD & 
SANJlAAV 

NUCLEAR 
CATICN EXCHAN:.£ BOlllR COOLING POLLUTIQI\ FLOOR REACTOR 

WATER WASTES WASTES RATOR TOWER WATER DRAINAGE l\J!ES HEATER FlRESIDE O\IERFIDW 
DEVICES DRAIN~ 

WASTES CONTROi. 
·- - .=-- - --=-;=.== ·~..::.....: ·.:.::..:......=....: ·c- -. 

I FLOW M/ 
1 h q 48 0 53.5 "'l ~ 5.45 DAV 

2 TEMPERATURE oC I~ ,...A-, 
3 

ALKALINITY "JC rl87.4 119 Al l&:.(l QI 110 14 1110 17 n . n1 AS C•CO 14 
4 BOD MJ," 2 1112 4 _ l1n 71 18 2 18 < --
5 COD Mt ? h 1? d - 7 1 132 ? 132 -<2 -
6 TS Mz 75 1467 35 t3563 32678 75 B2678 90'1 (l 

7 TDS Mz 70 14F.7 v; 1-:ic;e:;1 I 2676 70 ~2676 994 0 
8 TSS "{ 5 0 0 0 2 5 2 0 0 

9 AMMONIA AS N "3( 0.01 0.56 0 .107' 0.01 0.01 0.01 .03 p.25 

10 NITRATE AS N ",Z 2.1 llR - t'\ ')4 1.0 2.1 1.0 1.1 -
II PHOSPHORUS ",{' 0.01 0.56 L238.171 ·-I 0.13 0.01 0.13 .02 0 AS P 

12 TURS!OITY JTU 1 - 1 -
'13 FECAL COLIFORM 

NW -ro.< 

14 AC IOITY AS ( .. Co, M;r -
15 TOTAL HARDNESS ~,z llE15l AS C..CO 7 407 a3 "" 
16 SULFATE "{ 1 1 "IQQQ n 1 "' 1613 1 < l &:. 1 < < " 
17 SULf"ITE "5( -
18 BROMIDE "'C 
19 CHLORIDE ,",Z 8 44 llEl q1, 12672 A 11 ~67 i na 

20 FLUORIDE ":t -
21 ALUMINUM t.Z -
22 BORON "Z I 

23 CHROMIUM :.z 20 1130 I 10 20 10 (l 

24 COPPER :-,z 55 3091 172 63 e:.c; AO 

25 IRON 7.' 40 2250 
r-

430 140 1110 11 ?n 

26 LEAO ~z 3 160 0 4 3 (l 

27 MAGNESIUM -~ 1 47.8 8.1 850 IA<n I? "" -
28 MANGANESE ".Z 30 16.9' 215 1 (F28) 120 60 
29 MERCURY "5c 1 053 0.7 3 
30 MCKEL "X 0 560 

I 
150 1 e:.n -->--~ 

"X 31 SELENIUM ------
32 VANADIUM ",{' 
33 ZINC "X 10 56 .1613 10 045 - --
34 OIL e GREASE "{ 1 24.5 -
35 PHE"JOLS "X 1 0 (E35) 1 (l(ll 

36 SURFACTANTS "3( .03 1.69 .179 05 
37 ALf·ICIDES "3( 
38 SODIUM Mz 5 6304 72.1 7125 7250 4 R 
3'1 FR[QUENC'T 

Y(' 

"'R 
--=I= -- -- -- -- -- ---- -- ------ -- -- -- -- --
-- -- -- -- -- -- -- -- ---- -- -- --

R E M A R K s 
uat:a ::.ource: JH'A .Keg ion .l.l UIIl.Ce "l.J.es ' 
D: Boiler Blowdown #40 & #50 
('\. T ..... +- ""lr,..... T..T':> +-,.....,,... .J:: condenser cool·,.,.., water 
R· T~,_~1,p W-"t-Pr +~- - ""nr 

S: Intake Water for Boiler 
El5: 154.37 
El9: 390.76 
1"">0. 1 ?l'l nc; 

E35: .00358 ·----

A2-56 



Cl-£MICAL WASTE CHARACTERIZATION 

PLANT CODE NO. 3520 
PLANT OOTA SHEET 

CAPACITY: JOO MW 
FUEL: Coal. Oil & Gas 

TABULATION BY' "'S:.C=-----------
DATE: 4-18-73 _________ ~ 

f>Gf. OF PLANT:------- SHEET NO. _l_ OF.......:1:..._ _______ _ 

A B I c D E F I G I H I I I J I K I L I M I l·I I 0 I D I a I R I s 
WASTE STREAM -""' 91..0WOO.VN CLFANING FAAAMETER .~ ... ~ ... 

INl'AKE CLARIFl· ION 
EIW'O- tool.ING C!Nl£NS ioo.L PILE BOILER BOILER !ASH F'ONO All YARD 4 SANITARY NUCLEAR 

CATitN EXCHANGI BOILlR COOLING AIR PAE-
FOUUTIOI FLOOR REACTOR .... ER 

WASTES -.sm. RAltR TOW CR WATEFI llAU<AC£ 11.eES HEATER FIRESIDE OVERFLOW 
A-~ DRAIN~ 

WASTES CONTROL --·- =-- ==···~ ::::..:~::....:......:.· I FLOW M/ 
5 'l 1">4 4 9.85 1.03 I no,v 

-
2 TEMPCRAlURE •c 

3 All<AllNITV 
~ AS,._,.,..,. 17 38'11 2i; Q 33.1' 17 136 

4 eoo "Y c; .,,,,, - 9. 7~ " 40 
5 coo Mr 12 8.27 - I 23 12 96 
6 TS "t Q" 6480 3c; 1103 Q4 752 
7 TDS "{ Q4 ·" '"' l'lc: 1103 94 752 
8 TSS "7. 0 0 a 0 
9 AMMOMAAS N ~ 01 0 l':Q fo.02 .01 b.08 
10 NITRATE AS N "7. 0.3 5.07 1o.58~ h 'l. 2.4 
II Pl«lSPl«lAIJS r,r " " .. IQ.03 b 02 p.16 16 p 10.02 n 'IR 
12 T\,lll!IOITY JTU 17 42 17 p.13E 
13 FB:AL COl.IFOAM ~ 
14 K.DTYASC..CO. "J; 
1s:"'!:.~ "7c' 17 133 .1 1 -
16 SU.FATE ~ 11 .1 bnnR 2.6' n . 3 n.o.4 
17 SUJITE "'X I 
18 BIDllDE ~ 
19 CHl.ORllE ".;( , i:; c;4c; A c;2 13_1.2 11 ni c: 128 

20 FUJOlllDE ~ 
21 ALUMINUM t.z a 
22 SOllOH r.z 
23 Cl<llOllll.U rt 0 I 

24 COPPER ·x 120 1'103 960 

25 '"°" "Y. 320 624 ~560 

26 LEAD "'lt 0 
27 MAGNESIUM .. 7. : 1 'l<: ? i:;c; n n R~ 

28MANGANESE :Ji'. l'>n 'lQ 1 "" 

29 MEAC\Rt 'J( 1.0 h 9c; 2 

30 NCJ<EL -~ ILO h qc; 8 

31 SELENIUM 7( 
32 VAHAOll.M "'.Z 
33 ZlNC •Jr 5 345 ~ 7<; 4 

34 OIL 4 GREASE "7. n R . ~, 6.4 

35 l'HE""'-""lO-:: "X 4.4 3_n1 b C:I> 35 

36 SIAIFACTANTS "J( h n4 n n'7c 

37 ALC.ICIDES ~x 

38 SODIUM ~·1 .R 7 .41 0.98 6.4 

39 FREQUENCY ·" 
""' 

-- -- ------ ------ -- -- -- -- ---- -- ---- ----
-- -- -- -- -- -- -- -- ---- ---- ---- --1-------

R - E M A R K s 
I "'-·.a..- ~-· .. --- • "''D" 'Da~i -- -- _..,., 1 ~a f'' , __ 

n. Tni-_!!111'.a ,..,!!II, .• -. ... .::11r.:. ---
n. n .. ain.,nA nT water from "hlorinatinn. 
R: Evacorator blowdown #2 

·-- --
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PLANT CODE NO. 36_19 

A 8 c 

PARAMETER To'.f~ ~~NT 
INTAKE CLARIF!- ION 

CATIOll EXCHAfllj[ 
WATER WASTES WASTES 

I FLOW M'/ 5.7 DAY 

2 TEMPERATURE 'c 

3 ALKALINITY 
~ 16 918 AS C•CO 

4 BOD Mt 2 2 

5 COD M;r 3 3 

6 TS MJ;' 423 1252 

7 TDS Mz 423 1252 

8 TSS MJ( 0 0 

9 AMMONIA AS N MJ( o.o 89.6 

10 NITRATE AS N Mz 0.2 0.2 

II PHOSPHORUS ",{' 0.0 87.2 
AS P 

12 TURB!OITY JTU 

; 13 FECAL COLIFORM 
NQ,/ 

"'""" 
14 ACIDITY AS C.t.CO. MJ;' 

15 TOTAL HARDNESS ~..z 16 7016 AS C..CO 

16 SULFATE M.z 6.3 6.3, 

17 SULFITE Mx 

18 BROMIDE 'Yc 
19 CHLORIDE Mk 103 1983 

20 FLUORIDE "t 
21 ALUMINUM i".Z 
22 SORON "3( ' 
23 CHROMIUM ]11% 5 5 

24 COPPER ~-x 
25 IRON "9:-' 
~- -· 
26 LEAD '.Z 
27 MAGNESIUM M{ 1.5 753 
28 MANGANESE 'X 
29 MERCURY 'Jc 
30 NICKEL ")( 
31 SELENIUM 'Jc ----
32 VANADIUM 'Jc 
33 ZINC 
- ------------ '.Z 12 12 
34 OIL t GREASE "{ 
35 PHEl\JOLS 'X 10 10 
36 SURFACTANTS "x 
37 ALf·ICIDES "x 
38 SODIUM ",Z 6.2 5821 
39 FREQUENO 

Y(< 

/vR 

-- =1---

D E F 

CHEMICAL WASl E CHARACTERIZATION 
PLANT DATA SHEET 

438 MW 
CAPACITY: 

c~o~a-1.---&=-o~i~r------FUEL: ____________ _ 

AGE OF PLANT:--------

G H I J K L 

WASTE STREAM 

BLOWDCMIN CLFAl"ING 

EVAPO- COOLING 
C(N)EN$ 

Cll<L PlLE OOLER AIR PR£- BOILER ASH PONO BOILlR COOLING 
RATOR TOW(R WATER DRAINAGE MlES HEATER FIRESIDE OVERFIDW 

-- -=--
50.6 4013 

26.9 16 

0 2 

0 3 

35 594 

35 594 

0 c 
0 0.01 

0 0.01 

5.54 0.0] 

13 .9 ! 
0 6.3 I 

I 

~ 

1 03 .3 : 
I 

I 5 

1.3 

i 

i 

! 

12 

10 

13 6.4 

-- -- -- -- -- ------ --

-- -- -- -- --

R E M A R K s 

TABULATION Bf ,.......s.,..c ________ _ 
DATE: 4- 8-
SHEET NO . .!.._ OF __ l _______ _ 

M f·I 0 p Q R s 

AJR YARD & SANITARY 
NUCLEAR 

POUUTIOi' FLOOR REACTOR 
DEVICES DRAINS WASTES CONTROL 

---:=F==--....:.....; ---- -·--- -

1 

i 
i 

---- -- ~- -- -- --
-- --- -- -- -- -- --

D: Intake Water Zero Concentrations Data Source: EPA Region II Office Files 

···---
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Cl-£MICAL y.JASE~ ;t~ABACTERIZATION 
PL.ANi DATA SHEET 

PLANT CODE NO. 3617 CAPACITY: 350 MW TABULATION BY' ..li!J.._ ________ _ 

FUEL: Coal, a; J & Gas OATE: 4-18-73 

f.r£ OF PLANT:-------- SHEET NO. __l_ OF _ _.2,__ ______ _ 

A B I c L I M t·J o I P 
WASTE STREAM 

PARAMETER WJl :.~ •• - BLOWOONN CLFAl~ING 

I FLOW 

2 TEMPCAATURt: 

INTAKE =I- EX~ BOILlR EIW'O- CXX>l.ING ~1~ Kx».L PILE BOILER AIR PRE- BOILER ~SH FOMl ~TIOI ~i:,: SANITARY ::if~: 
~-F=--"""Fil"'""-.EA_,.,;,;WAS=:;TES""*=Wl=S'=TES~==#RAlllA==*=TOW=CR=l=,;,;WA==TE==R=l=ORANAGE==~'l\.e£l;==*°'~=~~~~-E_R FlAESIOE OV~~~ -~~~NJ .:~~~;,;;;ROI.;::_~-r===*===4===1 

1--+-----+""::,~/.a----+--~·J~4.31-'----11-----+----+---+---+---l---+--+---+--~~...._.•~1c4-----i--·+---t--t---1 

~ 35 3 ALKALINITY 
AS c..rn. 220 

4 BOO 

" A 

5 coo 4 9 
6 TS , 01 

7 TOS "z 176 431 17e; 
8 l';S n 

0 
10 MTRATE AS N "7. 0 • 5 0.5 o.s 
II~~ .01 3 .17 
12 TlJISIOITY JTU 0 / 1 

16 SIJLFAJE l"'r c ~, ~i 

17 SWITE ~ 
18 BROMIDE ~ ! 
19 CHLORllE r".;C' 10 70 1() 

20 FlUOAtOE ~ 

22 SORON ~{ 

24 COPPEii ''Jc 
25 IAON 'Y. 
'-· 
26 LEAD ·z 
27 llMiHESIUll "7. 1 n ii 

28MANGMESE r.t 
29 MEACIJA'f •Jc I 
30 MCl<£L l'J 
31 SElfNIUM ·.z 

I 
I 

I 
-- .z 32 """'° .... I 

33 ZINC •,t I 
A ')C --

34 OIL & Gll[ASE "7. 4 0 
I 5 

35 PHEt«>LS '7. 1 0 

36 SUlll'ACTANTS "J( 
37 ALf•CID(S ~ 
36 SOOIUM ~ A A Q 

39 FREQUENCY lt' ,.,,. 
-- --- ----- -- -- -- --__ , __________ --

R E M A R K s 
n!S+.!5 - - . l>O" ---'-- TT ()ffi~<> I>' 1o~ 

C: Boiler Evaoorator Blowdown #1 & Ion Exchanae #1 

-··---
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Cf-£M!CAL WASTE. CHARACTERIZATION 
Pl ANT [)6.TA SHEET 

PLANT CODE NO. 3617 CAPACITY: 350 MW TABULATION BY' _s_c~--~-----
FUEL: Coal. Oil & r.as OATE: 4-18-73 
AGE OF PLANT: _______ _ SHEET NO . ..2..._ OF----------

A B c D E F G H I J K L M M 0 0 Q R s 
WASTE STREAM 

PARAMETER Tr:P~ ~~NT BLOWDCM'N CLFAl"'NG 

YAAO • ISANllARY INTAKE CLARIFI- ION 
EVAPO- COOLING CCNJ£NS ~L PILE BOILER AIR PRE- BOILER ASH F!lM) 

AIR 11\JCLEAR 
CATICN EXCHANGE i!OILlR COOLING FOLWTIOO FLOOR 1 11EACTOA 

WAfER 
WASTES l\lllSTES RATOA TOWER WATER ORANAr.E T\Jl[S HEATER FIRESllE CMRl'IDW 

0£VICES ~Ni_r~~ CONTAOL 
·- =---~ 

I FLOW M/ 
,"llQ l < " DAY 

2 TEMP(RATURE •c 

3 
ALKALINITY "Z 35 AS C1iCO ~c l ~c 

4 BOD MY 
'1 n 4 

5 COD MJ( 
4 l'i 4 

6 TS Mx 176 366 176 

7 TDS Mz 176 366 176 

8 TSS Mz 0 0 0 

9 AMMONIA AS N "J( 0.07 0 0.07 

10 NITRATE AS N Mz o.s 1.91 0 5 
II 

PHOSPl-()RUS "5r 01 l q7 li!n n1 AS P 

12 TURBIDITY JTU <1 < 1 
! 13 FECAL COLIFORM 

NQ,/ -14 AC IOITY AS C•CO. MY( 
15 "JOTAL HARl»J£SS ~x AS C..CO 29 36 
16 SULFATE "{ s tl.9 l 
17 SULFITE "J( : 

18 BROMIDE ~ I : 
19 CHLORIDE Mr 10 99 10 
20 FLUORIDE "t 
21 ALUMINUM i'Z 
22 BORON "z 
23 CHilOMIUM :µz I 

24 COPPER :':t 
25 lllON 'Y ~ 
~ 

26 LEAD 'Z I 
27 MAGNESIUM "{ 1 ] 

28 MANGANESE ·x 
29 MERCURY µx I 

30 NICKEL µ7. 
31 SELENIUM 'X I - -----
32 VAAAD!Ut.1 µx ! 
33 ZINC 'x .0. , <; 
~ ~~-· 

",{ 34 OIL t GREASE 4 0 
35 PHE-OLS µx , 0 
36 SURFACTANTS "x 
37 ALf·ICIDES "x I 

38 SODIUM "]( .0. AO 

39 FREOUtNO YC' 
,YR 

-- I= -- --- -- -- -- ---- -- ------ -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- -- --

R E M A R K s 
n;:if--. ~f"'IP..,_,...,..... 1"DZI OoN;~n TT ()f'f';-~ 1"'1--

("', T:>---~-·-~+-,...Y' ..... _. l --- Blow-"-···- ll? Tr'\t"t. T:'l •• -1...----
waste #2 

-··---
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Cf-£MIC'AL WASTE CHARACTERIZATION 
PLANT 0«?.lA SHEET 

PLANT CODE NO. 3626 -CAPACITY• __ 3_o_o_MW _____ _ TABULATION BY' ___ ::.SC=--------
FUEL: Coal DATE: ______ ~5_-~2-_7~3o.._ ___ _ 

AGE OF PLANT:-------- SHEET NO. -1...0F __ .....=,l ______ _ 

A B c D I E F G I H I I J I K L M II 0 p. I Q I R s 
WASTE STREAM 

PARAMETER Trli~ fi'FNT BLOWDONN CLFAHING 
lt«AKE CLARIFt- ION 

EIW'O- (OOL~ 
CCWENS 

µi.L PILE BOILER BOILER iASH f'ONO AIR VAAO & SANITARY NUCLEAR 
CATICW EXCHAPC.E BOtllR CCIOLtNG AIR PRE~ 

F'OLWTIOI FLOOR REACTOR \\lllTER 
WASTES WASTES RATOR TOW CR WATER ORAINAGE llAIES HEATER FlRESIDE CNERFIJlW 

DEVICES DRAIN~ 
WASTES CONTROL 

M/ .. -=--~-~ ~ . ...:;.... -.:~--: .. ;,; -I FLOW 
'DAV 261.. 

2 T£MPERATURE •c 

3 ALKALINITY 
~ AS C.CO. 88 Ai; 

4 BOO MY, 

5 coo M~ 

6 TS "X 
7 TOS "{ 305 2897( 315 
8 TSS >17, l<; lfl() "17() 

9 MAOllAAS N "J( 
IQ NITRATE AS N "7. 
II PHOSPHORUS r?r .. 

AS p 

12 TUA8101TY JTU T 

: 13 F'ECAL COLIFOJN 
HQ/ 

'• ..... 
14 ACIOITY AS C.CO, ~ 2170( ; ~fl. T r" ' 
15:~~ "'.t ,)_r 

16 SIA.FATE "Jc 24 i 1900( 40 
17 SIA.FITE IMJ( i 

' 18 Bl>OlllOE ~ ! 
' 

19 CHLOllllE "X 
20 FUIOAIOE r'{' 
21 AWll- rz 100 (H21) 710 

22 BORON ~),:' i 
23 O<llOlllUll :"t 10 I 11.570( 45 
24 COPPEii ·x <"10 180( 10 
25 IRON -r. 100 l<H251 1600 
~ 

26 LEAD ·z 
27 MAGNESIUM "7. 
28 MANGANESE "Jr · ... 

29 MERCURY ·;.: '("' 

3Q MCKU ·~ 
31 SELENIUll ·x I ' ~ ~-- ·x ! 32 VMAOILM -
33 ZINC ·x 14 

I 1250( 19 

34 OIL & GREASE "7. 
35 Pf-E'«>LS •7, 
36 SUllfACTANTS "J( 
37 ALOICIDES IMJL 
38 SOOIUll ~ 
39 FREQUENCY ~·" 

"'" ---- -- -- ------ ------ -- -- -- -- ---- -- ----
---- -- -- -- -- -- -- -- -- -- -- -- -- ---- --,_ --

R E M A R K s 
Data Source: Chemical Analueie of th<> c::a~~l0 " 

collected guring Burns & Roe. Inc. 
visit to ple.nt. 

O• ~----~~o nf' TTnit' jl1 • ., n~'h .... _____ 1"1nw 

H21: 1.2 (lQO} 
H25: 4.7 (lQO) 

--
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PLANT CODE NO. 

A 

PARAMETER 
INTAKE 
WATER 

I FLOW M/ 
DAY 

2 TEMPERATURE •c 

3 
ALKALINITY ~ AS C.1.CO 

4 8DD Mt 
5 COD MJ( 

6 TS Mz 
7 TDS Mz 
8 TSS Mz 
9 AMMONIA AS N MJ( 
10 NITRATE AS N M~ 

II PHOSPHORUS "X AS P 

12 TURBIOITY JTU 

! 13 FECAL COUFORti.l 
NQ,/ -14 ACIDITY AS (A(O, Mt 

15 TOTAL HARDNESS ~x AS C.CD 

16 SULFATE ",{ 
17 SULFITE MJ( 
18 BROMIDE ~ 
19 CHLORIDE "k 
20 FLUORIDE Mt 
21 ALUMINUM i".Z 
22 BORON Mz 
23 CHROMIUM :~x 
24 COPPER :·x 
25 IRON ~ 
~· 

26 LEAD ,z 
27 "4AGNESIUM M7 
28 MANGANESE x 
29 MERCURY "Jc 
30 NICKEL ·x 
31 SELENIUM "X ----
32 VANADIUM ·.z 
33 ZINC "J( -
34 OIL & GREASE ".7 
35 PHE-OLS "7. 
36 SURFACTANTS ~.z 

37 ALC•ICIDES "J( 
38 SODIUM ~ 
39 FREQUENCY 

-,,:, 
A-R 

--
--

Data Source: 

3630 

B c 

TJI~ ~aNT 
CLARIFI- ION 
CAT!tN EXCHA>a 
WASTES WASTES 

-- --
-- -

D E F 

Cl-£MICAL Wt>.STE CHARACTERIZATION 
Pl ANT PATA SHEET 

CAPACITY: 628 MW 
FUEL: __ c_o_a_l _______ _ 
AGE OF PLANT: _______ _ 

G H I J K L 

WASTE STREAM 

BLOWDONN CLFANING 

EVAPO- COOLING C!NJENS µ:,.L PILE BOii.EA AIR PRE- BOILER ~F<lt>l) BOILlR COOLING 
RATOR TOWER WATER DRAINAGE l\.e£S HEATER f'IRESIOE MRFLDW 

- =--

7 

0.15 

0.1 

i 

i 

so I 

30 

-- ---- -- -- ------ --
------ -- -- -- -- -- --

R E M A R K s 
Information sunnlied by utilitv. 

·- ---

A2-62 

TABULATION BY: __ ....,.~-------
DATE: ______ S_-_2_-_7_3 _____ _ 

SHEET NO . ...!__ OF_""l'----------

M M 0 p Q R s 

AIR YARD & SANITARY NUCLEAR 
POLLUTIOO FLOOR REACTOR 

DEVICES DRAIN$ WASTES CONTROL 
----== =--=--= ::.=..:::....:........:. -

---- -- -- -- -- --
-- -- ---- -- -- --

-···---



Ct-EM!CAL WASTE CHARACTERIZATION 
PLANT QA.TA SHEET 

PLANT CODE NO. 3635 CAPACITY: 610 MW TABULATION BY' __ ....:S~C=----------
FUEL: Nuclear DATE: ______ 5~-~l~-~7~3 _____ _ 

AGE OF PL.ANT: Construction SHEET NO. _!_ OF _ _:l::..._ ____ :----

A B I c D E I F G I H I I J I K L M M I 0 D Q R s 
WASTE STREAM 

PARAMETER 
.YJ• ;;;~ .. ~- BLOWOONN CLFAl~ING '""~ 

INTAKE CLAAIF'f- ION EVAPO- COOLING ClHlENS 
icJ:>t.L PILE B~LER AIR PRE· BOILER ASH PCNO AJR YARD & SANITARY NUCLEAR 

CATlCtl EXCHANGE B~LlR COOLING POLWTIC> FLOOR REACTOR WllTl:R 
WASTES lMlSTES RATOR TOW CR WATER DRAINAGE TUl£S HEATER FlRESIDE OVERFLOW 

DEVICES CRAIN~ 
WASTES CONTROi. 

M/ ·- =-- -·:-==-~---~ ~'c~ 
I FLOW 

I IVIY l!All (Cl) 
2 TEMPERAlUR( •c 

3 ALKALINITY "';'. AS C.CO 

4 BOO 
.. ,,.. 

5 coo M~ 

6 TS ")[ 
7 TOS "z 233 233. 
8 TSS M7, 

9 AMMCNAAS N "9(' 
10 NITRATE AS N "7. tl.62 0.62 
II PHOSPHOlllJS 

~ P.19 0.19 AS P 

12 TUREUOITY JTU 

l 13 FECAL COLIFCRM H<V ...... 
14 ACDTY AS C.CO, "';'. 
15 :T~~ "X 
16 SIA.FATE "Z 30 30.6• I 
17 SIA.FITE "'.Z I ! 
18 BROlllOE ~ ! 

19 CHLORllE ".{ 30 30.0t 
2() FUJORIDE r'{' 
21 ALUMINUM tz 
22 BORON rz 
23 CHROMIUM ··,z I 

24 COPPER "Jc 
25 IRON 'Y 90 100 I 

26 UAO "Z 
27 MAGNESIUM "7. 8.9 8.91 
28MANGANESE "'~ 10 10.0 

29 MERCUllY •Jc I 

30 NICKEL ·;r i 
31 SELENIUM ·x 
32 VMAO ... x 
33 ZINC ·x 
34 ~L & GREASE "7. 
35 PHENOLS •7, 
36 SURfACTANTS "'x 

"'}( I 
37 AL(•ICIOES 

38 SODIUM "Z 17 17.31 
39 FREOUENC't' 

Y(' 

""" 
-- -- -- -- ------ ------ -- -- -- -- ---- -- ----
---- -- -- -- -- -- -- -- -- -- -- -- -- ---- --,_ --

R E M A R K s 
n.,....,,,. C!n .. 11,,.roo • F;"":lll1 D-·•i --~~1 N--~--~nt Al: 2018544 

u.s. Atomic Energy CODUnl.SSJ.On ("1 • ">('1 CC:'\4 

Dated, March 1973 

('. ,.,; 0 __ 1 •• ~ ... in ?n1n"'''M" /n,._ .. Circnlatinn WatE>r 
..::i ...... .;-- in-'h-.. - T"MOo-.:--"1- ,...-r: -'--.rn; ...... 1 n.;.,,. ... t.. ... - ......... 

---- :----·· LI "~··~ - -
------
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PLANT CODE NO. 3713 

A B c 

PARAMETER 
W~ER TRF', MFNT 

INTAKE CLARI Fl- ION 
CATIOO EXCHAM:'.£ 

WAI ER 
WASTES ~STES 

I FLOW M/ 75.7 138. 4E DAY 

2 TEMPERATURE 'c 

3 
ALKALINITY 

~ AS (A(O 

4 BOD Mt 
5 COD Mt 
6 TS M,z 70 -
7 TDS M{ 300 26000 

8 TSS M{ 
9 AMMONIA AS N Mt' 
10 NITRATE AS N "{ 
II PHOSPHORUS ",Z AS P 

12 TUR8101TY JTU 

13 FECAL COLIFORM 1~ 
14 ACIDITY AS C.1.CO, Mt 
15 TOTAL HARDNESS ~:r AS CACO 

16 SULFATE ".{ 
17 SULFITE "X 
18 BROMIDE ~ 
19 CHLORIDE ".t 
20 FLUORIDE "5t 
21 ALUMINUM 'X 
22 SORON "z 
23 CHROMIUM ,"X 
24 COPPER :"X 
25 IRON "9( 
r-

26 LEAD µz 
27 MAGNESIUM M~ 

28 MANGANESE µJ( 

29 
µG 

MERCURY I , L 

30 ';.~E~-~ 
31 ~:ENl~µx 
32 VANADIUM "X 
33 ZINC "J( 
~ ---
34 Oil l GREASE MJc 
35 PHE~OLS "X 
36 SURFACTANTS "x 
37 ALr.1c10ES "Jc 
38 SODIUM ".{ 
39 FREQUENC'r' 

Y( 
/<R 

---

I 

D E F 

CHEMICAL WASTE CHARACTERIZATION 
PLANT DATA ::tJlli 

CAPACITY: __ 2_1_3_7_MW _____ _ 

FUEL:-~C=o=a=l~&~O~i=l _____ _ 

A.GE OF PLANT:--------

G H I J K L 

WASTE STREAM 

BLOWDOWN CLFAl<ING 

EVAPO- tOOLING 
ca.a:NS CCrAL PILE WLER AIR PRE- BOILER ASH PONO 

BOILl:.R COOLING 
RATOO TOWER WATER DRAINAGE TUBES HEATER FIRESIDE OVERFLDW 

-· 
0.1' 41261 

50 35 

2 182 

0 

! 

I 

I 
I 

I 

I 

' 

100 

I 500 

i 

I 

I 
1---- c;nn 

I 

I 

---- ---- -- --- ----- --- --- -- --

TABULATION BY: __ .c;s__;c _______ _ 

DATE: 5-2-73 

SHEET NO. _L_ OF_~l~--------

M rr 0 D Q R s 

AJR YAAO & SANITARY NUCLEAR 
F<JLWTID" FLOOR REACTOR 

DEVICES ORAJNS WASTES CONTROi. 
'"-·-=;;.....:::::_____.: ~ C~--·-· -='Tc:-

7.57 

<rm 

975 

' 

: 

--- --- --- -- -- -- --
-- -- ---- -=1= -- --- -- -- -- -- -- -- --- --

R E M A R K s 
Data Source: Information sunnlied durinq Burns 

r~-t-to-plant. 

L: Al~n i nrlrn>o<: rn;i 1 nil<> drain,.~o 

B_: __ J'ille_r___bgckwash 'Haste _streg,m 
Q_:_ Coagulant sludge waste strea~ --
-- - - ---

- --
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CHEMICAL WASTE. CHARACTERIZATION 
PLANT DATA SHEET 

PLANT CODE NO. _2.21.Q_ CAPACITY: __ S_4_4_MW ____ _ TABULATION BY: _ __:s:..:c:....... _______ _ 

DATE: _____ 4~-~1~8~--7~3"-------
AGE OF PLANT:-------- SHEET NO. l__ OF--"l'----------

A B l c D I E I F I G I H I I I J I K L M II I 0 I p Q I R I s 
WASTE STREAM 

PARAMETER Ti}'~ fl'FNT BLOWDOvVN CU'Al<ING 
INTAKE CLARlFI- ION 

EVAPO- COOLING CCNJENS 
~L PILE BOILER AIR PRE· 80ll£R ASH POND AIR YARD & SANITARY NUCLEAR 

~ EXCHANiE eaLlR CC'IOL1NG POLLUTKJI FLOOR REACTOR l'MTER 
WASTES \NASTES RATOR TOW CR WAT[R DRAINAGE T\JBES HEATER FIRESIDE OVERFLOW DEVICES DRAIN:) WASTES CCJNTOOL 

M/ ··= ~~ --- -=.,;....:.:: -· __ -__..:,_ •=o~~· 
I FLOW 

DAY 2725' - -
2 TEMPERATURE •c 

ALKALINITY 
"9C 

- ~ ·- ·-~--
3 AS C•.CO. 38 42 
4 BOD ";r 0 0 
5 coo "Z 70 <;4 

6 TS "J( 340 
"'~" 

7 TDS "z 330 640 
B TSS "7. 5 l ('\ 

9 AMMONIA AS N 

""' 
0.2 'n 7 

10 NITRATE AS N Mo/ 
L 0.8 0.8 

II PHOSPHOR\JS 'c IO. 09 ' 0 AS p 

12 TURBIOITY JTU 

. 13 FECAL COLIFMM 
HQ/ .,... 

14 ACOTY AS CaCO, "Z 
15 TOTAL HARCNSS ~x I AS C.CO 

16 SULFATE "z I 
i I 

17 51.LflTE IMJ( I 
I 

18 BROMIDE ~ 
19 CHLORIDE ".t I 

: 
' 

2Q FLUORIDE "{' I I 
21 ALUMINUM .'Z I 

I 

rz I 
I 22 BORON 

23 '""°"'"" r,,Z I 

24 COPPER ''.Z I 

25 IRON "9" I 

1--

26 LEAD !~z I 

27 t.tAGNESIU .. IM~ 

28 MANGANESE ''X 
29 MERCURY tJc I i 
3Q MCKR -~ I 

1--~ 

'X 
I 

31 SELENIUM i 
---- ·x I 32 VANAOILM 

33 ZINC 'X ,__,_____ 
"'Jr' I 34 OIL & GREASE 

31: PHEl\IOLS ~x 

36 SUllFACTANTS ~.z 
~ 

"}( "' Alf•ICIOCS o' 

38 SODIUM ~ 
39 FREQUENC't y" 

/YR 

-- -- ------ ---- -- -- -- -- -- ---- -- ---- -- --
-- -- -- -- -- -- -- -- -- -- -- -- ---- --1-------

R E M A R K s 
Data Source: National Thermal Pollution Research 

Prnnrarn ~-~-.. +-~~ -~··'~•·• ~.f 1"DA 

~ ' " - -- . ' ·--- ..:I.: ,,-- , - ---
oerrnit". 

--

-····---

A2-65 



PLANT CODE NO. 3927 

A B c 

PARAMETER Tr)lf ~~NT 
INTAKE 

CLARIFI- ION 
CATOI ~:<CHANj( 

w.<TER 
WASTES WASTES 

I FLOW M/ (Al) DAY 

2 TEMPERATURE •c 

3 ALKALINITY ~ AS C•CO 95 
4 BOD M{' 0 
5 COD "z 
6 TS ~.z 590 
7 TDS ~z 550 

8 TSS M{ 36 

9 M1MONlAAS N "J( 0.40 

10 NITRATE AS N Mz 0.8 

II PHOSPHORUS ");:' 0.1 AS P 

12 TURBl01TY JTU 

! 13 FECAL COLIFORM 
NW 
C<M 

14 ACIDITY AS C.t.CO. Mt 2 
15 TOTAL HARDNESS ~x 400 AS C...CO 

16 SULFATE "{ 50 

17 SULFITE "5'{ 
18 BROMIDE ~ 0.09 
19 CHLORIDE "X 149 

20 FLUORIDE Mt 
21 ALUMINUM t.Z 37 

22 SORON Mz 160 I 

23 0-tR'OMIUM :'.Z 10 
24 COPPER "J( 6 

25 IRON ~ 91 

26 LEAD ~z 6 
27 MAGNESIUM "7 25 

28 MANGANESE 1-.z 157 
29 MERCURY -~ 
30 NICKEL ',Z 13 

>---~ 
31 SELENIUM '.Z 27 ----
32 VANADIUM '.Z 
33 ZINC '.Z 15 
~ ~-

34 Oil l GREASE M.:c 
35 PHE"'-IOLS ·::: 
36 SURFACTANTS ".Z 
37 Alf·ICIDES •o /( 

38 SODIUM "-Z 98 
39 FREQUENCY 

Y(' 

/\'R 

--

D E F 

Cf-£MICAL WASTE CHARACTERIZATION 
PLANT DATA SHEET 

CAPACITY: 1469 MW 

FUEL: Coal 

AGE OF PLANT:--------

G H I J K L 

WASTE STREAM 

BLOWDCWN CLFAl"ING 

EVAPO- COOLING C(Xl[J£NS 
m<L PILE BOILER AIR PRE- BOILER ASH POND BOILlR COOLING 

RAT OR TOW[R WATER DRAINAGE TIJBES HEATER FIRESIDE OVERFIDW 
:::::---

5300 

11'4 

0 

1237 
1170 

53 
0.91 
1.13 

0.24 

4 

675 

I 110 

! 
P.13 

310 

190 

920 
I 21 

11 
I 190 I 

15 

46 

233 
I 

24 
I 58 
I 

18 

171 

-- ---- --- -- --- -- -- --- ---

TABULATION BY: ---=s;..;:c~-------
DATE: ______ 4~-~1=8~--7~3~-----
SHEET NO. _L OF_...._ _______ _ 

M II 0 p Q R s 

AIR YARO & SANITARY NUCLEAR 
RlLLUTIOll FLOOR REACTOR 

0£VICES DRAIN::. WASTES CONTROL 
~--=~ __ er-~~- --

~5432 

120 

0 

1556 
1442 

110 
0.69 
1. 7~ 

0.2 

6 
910 

192 

0.13 

376 

86 
1260 

18 
145 

182 

12 

73 

699 
I 

31 

65 

50 

236 

-- -- -- -- -- -- --
-- -- ---- =I~ -- ---- -- --- -- -- -- -- -- --

I 

R E M A R K s 
Data Source: National Thermal Pollution Research 

Pr~~rg,m, !::Qmpu_t._e_r_ro,·io .. , nf l<'Pll 

Rea ion v Corne; nf Enni n<"">rs discharrio 
nermit-.c; 

-- ---
n· rt.-.."":' ........... i t-c. ni crh;:a"""~'"'>_C:: 

"l . ? no ~ 1n6 

--
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Cl-EK.AL Wl\STE CHARACTERIZATION 
A.ANT !:WA St!EET 

PLANT CODE NO. 3930 CAOOTY: 500 MW TABULATION BY' _ __;~--------
Fl£L' Coal DATE: 4-18-73 
flr:£. OF PLANT: ______ _ 

SHEET NO • ...!.... OF....:l!:----------

A B I c D I E I F I G I H I I I J I K I L I M I N 1 0 1 .,, r a I R I s 
WASTE STREAM 

PARAMETER 
- w~ !'.~ •. BLOWOONN CLFANING 

INTAKE CLARIFI· ION E\lllPO- COOLING CINJ(NS 
DL PILE l!OILEA AIR PAE- BOILER '4sH !'OM> 

AR YNll> & SANITARY MJCLEAR 
CATO! EXCHANGI 80ILlR COOL.ING PDl.WTO FLOOR REACTOR '"'1'ER 
WASTES "'"51l5 RATtlR TOWER 

""'TER lllNIK.E Tl.llfS' HEATER FIRE5llE CMRFLOW 
DEVIC£S °"""'" 

WASTES CONTROL 
--·- -= >'=-·~ ~.:.::___.:;_:;;• -I FLOW I~ I Al\ , , .. , . 1":17"" 

2 TEMPERATURE •c 

3 ALKALINITY 
~ 135 2"" ?<n AS c..rn.. 

4 BOO "Y " n 0 
5 coo Mt' 

" 0 0 
6 TS M.lt 117n ~ ... ,.... ., ...... 
7 TOS "{ , , .,. ,,, 0'> ??1<; 
8 TSS 

.. ,,. 
-:ii::. 1 ", '>0 

9 ~ASN r'5t , ., 4 7 ? c; 

10 NITRATE A5. N "7. n A '> . n Q~ 

II PHOSPHORUS 
~ AS p 

12 TUAlllOITY JTU .,., ... , , 
13 fll:Al COUFOOll ~ 

14 ACllfTY AS C..CO, ~ 
15:~~ "X <<n i::.7n ,,..,,., 
16 SULFATE ~ 160 """ '"" 
17 SUJITE Mx 
18 BllOMIOE "'C 0 h n4 n n• 

19 CHLOAU "k Ann --- ..... ,... 
20 flUOAIOE ~ 
21 Al.UM- t.!t n .,, ., 1 

22 BORON rz n n 1 on 

23 '""'*'Ull ~'% I 

24 COPPEii ·x 
25 IRON "9.-' 
26 LEAD •z 
27 MM;Nt:SJUM "7. 
28MANGNESE Jr 
29 llEACl.llY ·:c 
30 NICKa 

.,, 
0 15 8 

'J( 42 . ., 31 SELENIUM 0 ------
32 VANADIUM 'J( 
33 ZINC 'J( n < , ., 
34 Oil & GREASE "7. 
35 Pl-£-«>LS ~x 

36 SUAFACTANTS "'Jc: 
37 AL(.l(IOES ~x 

38 SODIUM ~ 0 '12 "" 
39 FREQUENCY % 

-- ------ ------ -- -- -- -- ------ ---- -- ----
-- -- -- -- -- -- -- ---- -- -- --- ------ ---- --

R E M A R K s 
lns+-s ,._,, .. ,.., • .,_ .. , __ .,, _, ___ ..,, ... _, , ..... - - ~------" 

Proaram comouter review of F.PA 
Da-~ -n '1 l"nrna --;:.~ ~--' ----- A '--'----· 

nermits-

Q: Ash Pond discnarge second stream. · 

'". , 'IQ v ,~ 

------
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Cf-£MICAL WASTE CHARACTERIZATION 
PLANT PAlA SHEET 

PLANT CODE NO. 3936 CAPACITY: 1086 MW TABULATION BY: ___ s_c _____ ~--
FUEL: Coal 

AGE OF PLANT:--------
DATE = ----=-----=-4-~1~8~-~7~3'-----~ 
SHEET NO.__.!_ OF __ l _______ _ 

A B c D E F G H I J K L M t·J 0 p Q R s 
WASTE STREAM 

PARAMETER TJI~ b~NT BLOWDONN CLFAIJING 

INTAKE CLARIFI- ION EVAPO- COOLING (.()1()£NS COO.L PllE B01lfR AIR PRE- BOILER ASH PONO 
AIR YAAO & SANITARY NUCLEAR 

CATOI EXCHA>C.E 806LlR COOLING POLWT'°' FLOOR REACTOR 
w.<IER 

WASTES WAsm> RATOR TOWER WATER ORAINAc.E n.eES HEATER FlRESIDE OVfRFLOW DEVICES DRAINS WASTES CONTROL 
--·- - _::::-- --~=;;.=..:-~- -__:~ 

-=~271E I FLOW M"/ (Al) ~786 DAY 

2 TEMPERATURE •c 

3 ALKALINITY "t' 0 46 46 AS UCO 33 
4 BOD Mt 13 10 15 15 

5 COD M;r 14 806 16 30 

6 TS M,z 318 9999 705 998 

7 TOS Mz 386 17743 833 1036 

8 TSS M{ 26 22 43 120 

9 AMMONIA AS N "J( 1.04 tL. 77 1.87 2.05 

10 NITRATE AS N "Z 7.2 11.90 a.a 7.8 

II PHOSPHORUS Mt 0.1 11. 2 0.2 0.3 
AS P 

12 TURBIOITY JTU 

! 13 FECAL COLIFORM NO,/ -
14 ACIDITY AS (.a.CO, "Z 
15 TOTAL HARCHS5 ~x AS C..CO 160 1109 367 495 
16 SULFATE Mt 103 i 5231 261 304 
17 Sl.JLFITE Mx 

I 

18 BROMIDE ~ ! I 

19 CHLORIDE Mk 39 481 7'1 an 

20 FLUORIDE "JC 
21 ALUMINUM •J( 
22 SORON Mz 

23 C"ROMIUM ·;r 4 I 370 4.5 11 
24 COPPER rz 
25 IRON "9( 110 144 150 
26 LEAD ·.z 
27 MAGNESIUM M7, 14 89 29 28 
28 MANGANESE "'.t 
29 MERCURY ·;.: 
30 NICKEL ·:r 
31 SHENIUM ·.z ----- ·.z 32 VANADIUM 

33 ZINC ·..z 15 2428 24 24 - ~-34 OIL & C.REASE M.t 
35 PHE"OLS 7. 
36 SURFACTANTS M..z 

37 ALGICIDES Mx I 

38 SODIUM ~ 22 v:;o <;? <;d 

39 FREQUENCY Y(' 
,YR 

-- I--- ---- -- -- ------ ------ -- -- -- -- --
-- -- -- -- -- -- -- -- ---- -- -- --

R E M A R K s 
Data Source: Nationa.l Tnerma.1. .l:'O.L.Lution Research 

Proqrarn, computer review of EPA 
Reqion V Coros of Enqineers dischara~ 
~.....,it-" -

Q: Ash Pond Discharqe #2 

Al: 4.55 x 10° 

~-----
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Cf-£MICAL WASTE CHARACTERIZATION 
PLANT DATA SHEET 

PLANT CODE NO. 4019 CAPACITY:_4..:.:5::.....;;MW.;;;.;... _____ _ TABULATION BY' ----=Sc:C'--------
FUEL: Coal - Oil - Gas DATE: _____ -"'5_-~1-_7~3.___ ____ _ 

AGE. OF PLANT:-------- SHEET NO._!__ OF_-=l'---------

A B l c I D I E I F I G I H I I I J I K L M M I 0 I p a I R I s 
WASTE STREAM 

PARAMETER Tel'~ fl'rNT BLOWOONN CLFANING 
INTAKE CLARIFl· ION EVAPO- toOLING t<NlENS ~L PILE BOILER AIR PRE- BOILER ASH PONO AIR YARD & SANITARY NUCLEAR 

CATlCW EXO<AM'.".1 BOILlR COOLING POl.WTIOI FLOOR REACTOR w.vtR 
WASTES \MASTES RAlllR TOW CR WATER DRAINAGI: T\.llES HEATER ARESlDE O\/ERFLOW 

DEVICE> DRAIN':i WASTES CONTROL ---- - -=-- -~ '==- ~ --=~ --
I FLOW M/ 212 283 n..v 
2 TEMPERATURE •c 

3 ALKALINITY "Z R' AS C.CO. 86 ~n 

4 BOO MY 1.0 3 n 3 
5 coo "~ 18 IJ..4.7 9.8 
6 TS "'X 222 284 <:r:., 

7 TOS "{' 222 278 1547 
8 TSS M7, 0 6 s 
9 AMMONIAASN ~ 0.7 0 0 
10 NITRATE AS N "7. 0.4 0.7 ] 7 

II PHOSPHORUS r,{ 0.3 1.3 0 3 AS p 

12 TURBIDITY JTU 4.0 - -
! 13 FE.CAL COLIRRM HIV ..... 

14 AC IOITV AS C.CO, "Z 
151;';,.~ ".t 146 ] 44 1:190 
J6 SULFATE ~ 48 78 S2 
17 ~ITE "'X I 

18 BllOMIOE ~ I 
J9 CHLORllE rx 1 "I "" 

.,,, 
2() FUIORIOE ~ 0.15 O.lS 
21 ALUMINUM "X 
22 SOROH ~7. 

23 C><ROllllJU "X 170 210 I 120 
24 COPPEii ·x 80 so so 
25 IROH 

..,,, 
200 100 

26 LEAD ·z --
27 MA(;NESIUll "7. 6 3.5 18.8 
28 MANGNESE ".Z 2000 3100 -
29 MERCL'IV ·;.: 
3Q NICKEL ·~ 6.S 8.4 
31 SELENIUM •Jc 
32 VANADIUM "J( 
33 ZINC ·x 50 100 0 5 

34 OIL & GREASE '"7. 
35 PHE'IOLS "7. 100 so c;n 

36 SURFACTANTS '"X 
37 ALGICIOES '"Jc 0.00' D.00"1 1.003 

38 SODIUM ~ 8.7 25.7 ls.n 

39 FREQUENCY r;;;.· 
-- -- -- -- ------ ------ -- -- -- -- ---- -- ----

-- -- -- -- -- -- -- -- -- -- -- -- ---- --I-----

- R E M A R K s 
Date Source: Corps of Engineers Discharae Permit -

Dated: June 30 1971 

Q: Water Treatment Waste 

···-.--
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Cf-£MICAL WASTI::. CHARACTERIZATION 
PLANT PATA SHEET 

PLANT CODE NO. 4007 CAPACITY: 40 MW I 80500 MW Hr. /Yrll'.IBULATION BY: ___ s.,,.c--:::--=.--------
FUEL: __ c_o_a_l_&_Ga_s _____ OATE'--:------:5~--2_-_7_3 _____ _ 

SHEET NO . .!__ OF __ l _______ _ />GE OF PLANT:--------

A 6 c 0 E F G H I J K L M l·J 0 p Q R s 
WASTE STREAM 

PARAMETER Tr)#f: ~~NT BLOWDO.VN CLFA"llNG 

INTAKE CLARlFI· ION EVAPO- COOLING ClNJ€NS CD<L PILE BOLER AIR PRE- BOILER ASH PONO 
AIR YARO & SANITARY 

NUCLEAR 
CATOI EXCHAN'..E 804LlR COOLING Rl'..WTIOll FLOOR REACTOR 

WATER 
WASTES WASTES RATOR TOWER WATER DRAt.IAGE n.ei:s HEATER FlRES<0£ CNERFlDW 

OCVICES DRAINS WASTES CONTROL 
·- =-- -~ ;:;..=;:-..:;..... ~~~ 

I FLOW M'/ 54. c DAY 

2 TEMPERATURE •c 

3 
ALKALINITY 
AS c.._co "J(' 0 40 

4 800 Mt 0 0 

5 coo "J( 0 0 

6 TS M.t 11 11 

7 TOS "Z 0 397 
8 TSS Mz 0 0 

9 AMMONIA AS N "J( 0 0 

10 NITRATE AS N "Z 0 0 

II PHOSPHORUS 
AS P ",Z 0 3.3 

12 TUR8101TY JTU 

• 13 FECAL COLIFORM 
N(l,/ -14 ACIDITY AS (.t.CO. "JC 

15 TOTAL HAROf.65 ~x AS C..CO 

16 SULFATE "{ 27 i 155 I 

17 SULFITE "5'( I 

18 BROMIDE ~ ' 

19 CHLORIDE. "t 407 7.2 

20 FLUORIDE "5( 
21 ALUMINUM i"-Z 
22 SORON "Z 
23 CHROMIUM ;·x ?0 20 I 

24 COPPER 'Jc 
25 IRON 'Y 
r- .. 

26 LEAD J't 
27 MAGNESIUM "7 
28 MANGANESE ~.z 

29 J.4ERCURY ·;,: I 
30 NICI< El ',?( 
31 SELENIUM "X I ----
32 VANAOIUJ.4 ·x ! 
33 ZINC ".it 0 0 - --··--· 
34 OIL & GREASE "Jc 
35 PHE"lOLS "'x 0 0 
36 SURFACTANTS ~x 

37 Alf·1CIOE5 "Jc 
38 SODIUM "Ye 76 109 
39 FREQUENCY 

Y(~ 

,..YR 

-- -- -- -- -- -- -- -- ---- ------ -- -- -- -- --

--- --·------- -- -- -- -- -- -- -- -- ---- -- -- --

R E M A R K s 
n".ra "rnirce: Corns of Enaineers Discharge Permit 

Aonlication 
Dated June 23 1971 

····---
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Cl-£MICAL WASTE CHARACTERIZATION 
PL ANT DA.TA SHEET 

PLANT CODE NO. 4004 CAPACITY: 74.6 MW - 325J.R2.~. 
FUEL: oil - Qa; 

TABULATION BY: ___ .::;i.,; ______ _ 

DATE: ______ :;i.:..:.::.,.u,_ ____ _ 

AGE OF PLANT:-------- SHEET NO . ..J..... OF_~"--------

A B l c D I E I F I G I H I I I J I K L M H 0 I p I Q I R I s 
WASTE STREAM 

.. ~ '°" BLOWDONN CLFANING FAAAMETER ·-il M>N 

INTAKE CLARIA- ION £\!APO- toOLING CO«NS ~L PILE BOILER BOILER IASH POND 
AIR YARD 4 SANITARY NUCLEAR 

CATOI EXCHAW 8DILlR CCIOLtNG AIR PRE- PDl.WTO FLOOR REACTOR Wlll'ER 
WASTES ""STES RA10R TOWER WATER DlllllNAGf TUIES HEATER FlRESIDE OVERFLOW DEVICES DRAIN'ii WASTES CONTROL 

M/ .. -··"":'~ ··~=-- -~ ~-..:.- ~..:=--=....::-- -I FLOW , ru.v 45.2 910 
2 TEMPERATURE •c 

3 ALKALINITY "9[ 215 AS C.CO. 324 127 
4 eoo "Y. 0 3 2.3 
5 COD "'r 0 13 so 
6 TS "X 11.081 670 ~524 

7 TDS "-t 11.081 200 ~.07 
B TSS "7. 0 0.6 0.2 
9 AMMOMAAS N "c' ~.087 0.22 0.23 
10 .. TRATE AS N "'7. P.32 0.07 1.28 
II PHDSPHORUS ~ P.2s 0.07 0.11 AS p 

12 TURSIDITY JTU 

i 13 FB:AL COllf();iM NCI" -14 ACDTY AS C.CO,, ~ 
15:~~ "5r 352 348 400 
16 SU.FATE "7c 33 46.S 1108 
17 51..UlTE "X I 

18 Bl'OMIOE ~ ' 

19 CHLOAllE "X 321 466 1351 
20 FWOAIDE "'JC 
21 AWM- tz 
22 BORON rz I 

23 C""°"IUM t.Z 20 20 I 20 
24 COPPEii ~·x 
25 IRON ~ 
26 LEAD "Z 
27 MAGNESIUM ~7. 

28 MANGANESE ~,z 

29 MERCURY ·;c 
3Q MCKEL '% 
31 SELENIUM •Jc I - ~-

"'J( ! 32 VANADIUM 

33 ZINC '.Z 20 20 
I 

3000 - --- "7. I 34 OIL t GREASE 

35 PHE-.ot.S "7. 0 0 

36 SUMACTANTS ~x 
I 

37 ALC"•IC10£5 "x 
38 SOOIUM "X 
39 FREOU£NO 

Y(, 

""" 
-- -- ------ ------ -- -- -- -- ---- -- ---- -- --

-- -- -- -- -- -- -- -- -- -- -- -- -- ---- --1-----

R E M A R K s 
Data SnnrcA: t"nrn .. nf ---•------Discharge Permit 

"pp.1.1cat1on 
Dated, June 23, 1971 

F: Estimated Concentrations 
D: Evaporator & Boiler Blowdown 

··---
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PLANT CODE NO. 

A 

PARAMETER 
INTAKE 
WAT£• 

I FLOW M/ 
DA' 

2 TEMPERATURE ·~ 
3 ALKALINITY "9c' 0 AS C...CO 

4 800 M{' 0 

5 coo "J( 0 
6 TS Mx 0 

7 TOS •z 0 

8 TSS M{ 0 

9 AMMONIA AS N "J( 0 

10 NITRATE AS N ·z 0 

II PHOSPHORUS ·.z 0 AS P 

12 TUR8 101TY JTU 

'13 FECAL COLIFORM •<v 
OCM 

14 ACIDITY AS (,.(0, ·z 
15 TOTAL HARQ'oJESS ~.z AS C.CO 

16 SULFATE ·.z 57 ·' 
17 SULFITE "Jc' 
18 BROMIDE ~ 
19 CHLORIDE M.z 25 

20 FLUORIDE "5( 
21 ALUMINUM i".Z 
22 BORON ·.z 
23 CHROMIUM :·.z 0 

24 COPPER ·x 
25 IRON ~ 

26 LEAD ·z 
27 MAGNESIUM "Jc 
28 MANGANESE 'X 
29 MERCURY ·;.: 
30 NICKEL "7. 
31 SELENIUM ·x ----
32 VANADIUM ·x 
33 ZINC ·x 0 
f--~ 

"z 34 Oil ' GREASE 

35 PHE"OLS ·x 0 
36 SURFACTANTS "k 
37 ALC.lCIDES "}( 
38 SODIUM ·~ 50 
39 FREQUENCY 

'11:~ 

"'" 
--

--

Data Source: 

4003 

B c D 

T,;ff: ~~NT 
CLARIFI· ION 
CATO! EXt:HANj( BOIU.R 
WASTES IMASTES 

E F 

O-£M!CAL WASTE CHARACTERIZATION 
PLANT DATA SHEET 

CAPACITY: 510 MW, (3215700~ 
FUEL: Coal, Oil, Gas Ht . / 'i " 

AGE OF PLANT:--------

G H I J K L 

WASTE STREAM 

BLOWDONN CLFAl~ING 

EVAPO- COOLING 
C(NJ€NS 

cnt.L PILE BOILER AIR PRE- BOILER ~"°"' COOLING 
RATOR TOWER WATER DRAOIAGE lUl[S HEATER FIRES40£ O\/ERFLOW 

TABULATION BY: --~s~c~-------
DATE: _____ ~5---'2-7~3;.._ ____ _ 

SHEET NO . ..!._ OF_~l~-------

M t·I 0 " Q R s 

AJA YARD & SANITARY NUCLEAR 
POWJTKl> FLOOR REACTOR 

DEVICES DRAINS WASTES CONTROL 
·- . :.=-- ---==.=--= ~ •...::;..:........:,.. 

b.22 

9 

0 

0 

0 

0 

0 

0 

0 

2.5 

R7 R , 

I 

I I 

6 

I 

0 I 

0 

0 

51. 7 

-- -- -- -- -- -- -- ---- -- ------ -- -- -- -- --
--,_ ------ -- -- -- -- ---- -- -- -- -- -- -- --

R E M A R K s 
Co_r.es _ o_f ~ineers Application 
Dated: June 23~71 -- ---

··---
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PLANT CODE NO. 

A 

20 FUJOlllDE ~ 
21 AUJMINW t,Z 
22 BORON rz 
23 Ckf'«>MUJM rz 
24 COPPER :·.z 
25 IRON 'Y .____ 
26 LEAD ·.z 
27 MAGNESIU .. ii~ 
28 MANGANESE ·~ 
29 MERCURY ·x 
30 NICKEL ·x 
31 SELENIUM ·x ----
32 VANAOILU ·,z 
33 ZINC ·~ 
34 OIL 4 GREASE ~ 
35 P>£'<0LS ·x 
36 SURFACTANTS "x 
37 ALr<CIDES 

38 SOORJM 

39 FREQUENC• 

Data Source: 

4706 

B c 

i 

! 

I 

I 

Cl-£MICAL 'MSTE CHARACTERIZATION 
PLANT DA.TA SHEET 

CAOOTY• l, 700 MW 

FUEL: Coal 
/>[£_ OF PLANT:Units 1-4. 1954 

Units 5-9, 1955 

K I L 
WASTE STREAM 

31.:i 

1193.E 

11.77.6 
16 

7.0~ 

96.3 
64.3 

5.13 

710 

7. ">C: 

460 

----------- --

R E M A R K s 
TvA Reoort on "Review of wastewater Furnace ·1voe 
Control Systems" Number of Units 

TABULATION BY: ---=LS~-------
DATE: _____ ___.:4L-~l~8~-~7~3L----~ 
SHEET NO. -1.. OF _ __. _______ _ 

M olP,lalRIS 

Pulverized 
9 

Namenlate MWatts l 700 MW 
Coal Consumotion/Dav 15 500 Tn. 

L! The nrimarv wastes received bv the nond are Bottom A~h~~ % 'Jc;~ 

flv anp bottom ash • Also included is coal Coal Ashes % 18% 

""~'" 
...... ,.r,,...; +-a re~ ........ +.,.. ,._.,.A ,.. •• -.I! ............ -~~--

drainage. 
-----
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PLANT CODE NO. 4704 

A B c 

PARAMETER rJ-1~ l°A'¢NT 
CLARIFI· ION 

INTAKE 
CA11CN EXCHA>a 

WATER WASTES ... sm 
I FLOW M/ 

DAY 

2 TEMPERATURE •c 

3 l\LKAL1NITY 
"'9C 84.3 AS C"CO 

4 BOD M{' 
5 COD M-Z' 43 
6 TS MJ.:' 372 

7 TDS Mz 
8 TSS M7. 
9 AMMONIA AS N "Jc' 
10 NITRATE AS N MJ.' 
II PHOSPHORUS "Z AS P 

12 TUR8101TY JTU 

; 13 FECAL COLIFORM 
ND,/ 

"""' 
14 ACIDITY AS C1.CO. Mz 
15 TOTAL HARDNESS ~x AS C.CO 279 
16 SULFATE M{ 36 
17 SULFITE MJ( 
18 BROMIDE ~ 
19 CHLORIDE Mk 142 
20 FLUORIDE MJ( 

21 ALUMINUM i"-Z 
22 BORON M{ 

23 CHROMIUM rz 
24 COPPER ·x 
25 IRON ~ 136 
~ 

26 LEAD ·z 
27 W.GNESIUM "7. 10.7 
28 MANGANESE "'x 93 
29 MERCURY ·;c 
30 NICKEL -~ 
31 SELENIUM ·x ----
32 VANADIUM ·x 
33 ZINC 'x 
34 OIL & GREASE "{ 
35 PHENOLS '7. 
36 SURFACTANTS "x 
37 Al(.tCIDES "Jc 
38 SODIUM "Ye 39 
39 FREQUENC'f 

'I(~ 

,YR 

-- -- --

-- --I-

L: 

D E F 

Cl-£MICAL W,A,STE CHARACTERIZATION 
Pl ANT ~TA StEET 

CAPACITY: 823 Ml'/ 

FUEL: Coal 
fJC£. OF PLANT: gntts f 2t 1955 

11 L , !'8 
Unit , 957 

G H I J K 

WASTE STREAM 

L 

TABULATION BY: ----=LS=-------
DATE: _______ 4~-~1~8;......;7~3 ___ _ 

SHEET NO. _L OF __ ~l~------

M M 0 p Q R s 

BLOWOONN CLFANING 

EVAPO- COOLING tCKIENS p:IAL PILE BOil.to AIR PRE- BOILER !ASH F<:W 
AA YARD & SANITAF?Y MJCLEAR 

BOlllR COOLING FOLWTO FLOOR REACTOR 
RATOR TOWE.O WATER ~ MIES HEATER FIRE5IJE CMRFLOW 

DEVICES DRAIN> WASTES CONTROL 
-- :::;-- --= ==-·..::.- pc.:_;::~-- -

11543• 

78.l 

371. 

353. 

17 -~ 

<25 

44.2 

97.5 

98.3 

I 

3030 

8.8 
195 

-- -- -- -- -- ------ ------ -- -- -- -- --
------ -- -- -- -- -- -- -- -- ---- -- -- --

REMARKS 
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PLANT CODE NO. 4701 

A B I c I 

... ~1ul PARAMETER 
MN<£ CLAAIA· I~ CA1DI - *5'18 .s1l'S 

I FLOW I~ 

2 TEMPERATURE "c 

3 AL.KAllHITY "t AS•-~ 

4 BOO ,.,,. 
5 coo r:r 
6 TS "t 
7 TDS ".!t 
8 1SS 

.. ,,, 
9 -ASN 

10 MTRATE AS N M 

II I~ M 

12 TUllBIOITY JTU 

13 F8:AL CXJl.IRlllll ~ 
14 M:OTYASc..m,. 

15~~ 
16 SU.FATE 

17 su.FITE L 

18 BROllllDE •!r 
19 CHLOAllE ~~ 

20 FUJOAIDE "9( 
21 N.UMNM i"X 
22 BOAON 7. 
23 Cl<llOM!UW :·.r 
24 COP1'£1> 1·,z 
25 !AON "9:' 
26 UM> ·z 
27MAGN£SllAI '"7. 
28 llAHGN<ESE Lot 
29 llEACURY •Jc 
30 NCJ<EI. ;'~ 

31 SEL£MUM "7. 
32-... "'% 
33 ZINC ·x 
34 OIL & GREASE 

.. ,,.. 
35 Pl£0!0t.S 

,,, 
36 51.M"TANTS ~ 
37 ALC.ICIDES r?i'. 
38 SODIUM 

.,,, 
39 FRtQUENCY :...;.. 

-- -- --
-- --,_ 

D I E I F 

Ct£KAL Wi\S!E CHARACTERIZATKJN 
aANT D!\TA SHEET 

CAAl!OTY: 990 MW 
Fl.EL~ Cn•l & Natnr•l r,19 

/1r£. OF P\.ANTil.959/1965 by TVA 

I G I H I I I J I K .L 
WASTE STREAM 

TABULATION BY' __ LS_;_ _______ _ 
DATE: _ _:;,4_-1~8~-~7~3;__ _______ _ 
St-EET NO. _L OF·........:l::._ _______ _ 

I M M I 0 I p I Q I R l s 

BLOWOONN CLFANING 

EWO· CXIOLING IXNlENS ~PILE llOll.EA AIAPllE· BCllLEA A5HPl)t,O AA YAAI> & SANITARY MJCLEAR 
llOll.lA ctlOLING FllLWTIOI FLOOR REACTOR AA1UA 10WEll \IOllTER - 11&5 HEAT EA FWIE5IDE MAADW O£VtC6 DRAIN:; WASTES COHTROL ---- =-- -~-=;:;...=::. ~- ·.:~- .. 

(Ll) 

20 

en 

335 
~~~ 

c;o 

~" 

178 
,~n 

I 

, 7 

An'>n 

13 

240 

~ 

, 
-- ---- ---- ------ ------ -- ~- -- -- --

-- -- -- -- -- -- -- -- -- -- -------- -- --

R E M A R K s 
.. --- - JL - __ ...... ---

..... _ 
Cyclone -In. .... - ------. ,...- ______ ...._ -- 11- -': ____ ... ___ .. . - -- ·-- ~ ---- -·- - - ">C':\e:; ·.;,.., - ,, ··-- '~---

I: 45.420 L of 30\ HCl & Cu solvent with small - • - --- __ ,,.._ - Q. 70% 
am-·nt" of KB.,.. + INH I •1/"'n. + INHA \ ra ...:.7'>• - ., - - ·- ......... Q, , no. 

; ..,. __ ...._ ---.!11 ..,., .. ,..~ft~ n·-~,., 

4 :nr 3 .• 27 x IO 
... --
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Cf-£MICAL WA':FE CHARACTERIZATION 

PLANT CODE NO. 4703 

Pl ANT PATA SHEET 
CAPACITY: 1 255 MW TABULATION BY' -----'L""S"--------
FUEL: Coal DATE: _____ __....,.;4~--1~8_-~7~3 ____ _ 

AGE OF PLANT: Unit ~· i§~~ on t SHEET NO . ...1...._ OF_~l~-------
Um.ts ~- , 959 

A B c D E F G H I J K L M H 0 p a R s 
WASTE STREAM 

PARAMETER T,;ff: ~~NT BLOWDONN CLFAl"ING 
CLARI Fl- ION c£N)£NS 

ICD"L PILE BOILER AIR PRE- BOILER ~FOM> 
AIR yAff). 

SANITARY 
NUCLEAR 

INTAKE 
CAT'Oi EXCHAMj( BOILlR 

EVAPO- COOLING COOLING POLWTO FLOOR REACTOR 
WOTER ""'sm RATOA TOWER WATER ORANAC.E T\.ll£S HEATER FlRESIDE CNERflDW DEVICES DRAINS WASTES CONTROL WASTES 

-··- - =--,- -r=·--=._ r ... 
I FLOW M/ 43615 DAY 

2 TEMPERATURE •c 

3 
ALKALINITY 

~ 2.55 AS CaCO 

4 BOD Mt 
5 COD Mt 
6 TS Mt 425 

7 TDS Mt 407 

8 155 Mt 18 

9 AMMONIA AS N MJ( 
10 NITRATE AS N "',r 

II 
PHOSPHORUS M;r 
AS P 

12 TUR9101TY JTU <25 

'13 FECAL COLIFORM NW -14 ACIDITY AS C.1.CQ. M;r 
15 TOTAL HARDNESS 

AS CACO ~t 244 

16 SULFATE M{ i 

17 SULtlTE Mt I I 183 

18 BROMIDE "C ! 

19 CHLORIDE Mk 7 
20 FLUORIDE Mt 

21 ALUMINUM (,{ 
22 SORON 7. L 

23 CHROMIUM !"% I 

24 COPPER l'J( 
25 IRON "9: 7500 -
26 LEAD µz 
27 t.AAGNESIUM MJ.- 4.1 
28 MANGANESE 'X 1400 

29 MERCURY 'X I 

' 

30 NICKEL 1'% 
31 SELENIUM 'X I ' 

-----
32 V.ANADIUJ.4 'X 
33 ZINC 'X 
~ -----
34 OIL ' GREASE M,{ 
35 PHE"IOLS :':; 
36 SURFACTANTS MJ( 
37 ALGICIDES Mx I 

38 SODIUM Mz 

39 FREQUENCY Y(' 

/vR 

-- --- ---- -- -- -- -- -- ---- ------ -- -- -- -- --
-- --,_ ---- -- -- -- -- -- -- -- -- -- -- -- -- -- --

R E M A R K s 
uai:a ::source: -rvt-1 rteport: on rue view OI wastewater Furnace Type Pulverized 

ControL Systems"' 
- Number of Units 4 

---~ 
r~,., 1 rnn-··m~ .. 'nn /n"' 1 () < () () '1'n 

L: Averaqe of anal vs is made on weeklv samoles tl~ .... ~m ll<>h<>- % ~<;!!; 

collected durinq 1971 from old ash nonn Coal ashes % 16.2% 
samplinq of new pond was bequn in March 1970 
b11t was "'""n n; --~., .. ; m•--' '-~~~ .. ..,., nf cnh-

surf ace leakaae. 

-··---
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Cl-£MICAL WASTE CHARACTERIZATION 
PLANT DATA S!-!EET 

PLANT CODE NO. 4705 CAF\llCITY: 1, 4 8 5 Ml'l TABULATION BY' -----"L~S ______ _ 
FUEL: Coal DATE: _____ --"'4_-~18~--7~3,,__ ___ _ 

fJGE OF PLANT: HRH~ !-i, p3~ 
HnU 9, ~~ 

SHEET NO • ..J._ OF _ _... _______ _ 

n - Units 8-10, 1959 
A B c D E F G H I J K L M H 0 0 a R s 

WASTE STREAM 
w~ 

PARAMETER llJIO• ~~.;-, BLOWOONN CLFA/\JING 
INTAKE CLARIFl· ION 

""'1'0- CDNlENS 
CATOI EXCHAIG CXlOUNG ia».L PILE BOILER AIR YARD 4 NUCLEAR 

\WlfER llOILlR COOL.ING AIR PRE- BOILER ASH POND 
F'OLLUTIOI SANITARY 

WASTES 1111t.SIES AATOR TOWER OAt.INAGE TU!ES HEATER FIRESIDE OVERFLOW 
FLOOR REACTOR 

- WATER OEVlCE• DRAJN> WASTES CONTROL 

I FLOW I~(. -·· -.,6624 -·-== ;;....= . ..:......: ~..;=----:..:;. 

-
2 TEMPERAlVAE •c 

3 AlkAl.INITY 
~ 

-
AS r.rn.. 11 7 

4 BOO 1"7, 
5 coo n- -
6 TS "X 266 
7 TDS ".{ 250 
8 TSS Ill~ 

16 
9 AMMDNAAS N ~ 
10 NlTRATt: AS N 117, 

II PHDSPlfJllUS r,t' AS p 

12 TURBIOITY JTU <25 
: 13 FE!:Al CllURlllM ~ 

14 ACOTY AS C.CO, "' 15:~~ "t 174 
16 SULFATE "Z i 96.6 
17 SUlflTE 11.z 

I 

18 BROMIDE ~ I 

19 CHLORDE "X 13 
2() FLUOAIOE ~ 
21 ALUMINUM ,·z 
22 SORON 7. l 

23 c.-11.111 1-~ I 

24 COPPER '•Jc 
25 IRON "9:' ! 250 -
26 LEAD ·.z 
27 MAGNESIUM "'7. 1. 3: 

28 MANGANESE "~ 9 

29 MERCUR't ·;t 
30 fllCKEL ·x 
31 5£l£NIUM ·.z I 
-~ '·x 32 -..OllM 

33 ZINC ·x 1-- .__ 
.. 7. 34 Oii. & GREASE 

35 PHE"°'-S "7. 
36 SURFACTANTS ir.J( 
37 ALr•ICIDES IMJc ' 
38 SOOlJM ~ 
39 FREQUENC'I' 

YC~ 
....... 

-- -- ---- -- -- -- -- ------ ------ -- -- -- -- --

-- --,_ ------ -- -- -- -- -- -- -- -- -- -- -- -- --

Pulverized 
10 

Da 13 800 Tn. 

13% 

A2-77 



PLANT CODE NO. 

A 

PARAMETER 
INTAKE 
""ER 

I FLOW M'/ 
DAY 

2 TEMPERATURE •c. 

3 ALKALINITY ~ AS C.CO. 

4 BOD Mt 
5 COD Mt 
6 TS MJ." 
7 TDS Mz 
8 TSS M:t 
9 AMMONIA AS N "JC 
10 NITRATE AS N MY' 
II 

f>tfJSPHORUS Mt 
AS P 

12 TURBIOITY JTU 

113 f'ECAL COLIFORM "°" '°""' 
14 ACOO"Y AS C.CO, Mz 
15 TOTAi. HAR!HSS ~x AS C.CO 

16 SULFATE M,z 
17 SUlf'ITE Mx 
18 BROMIDE ~ 
J9 CHLORID£ Mk 

. 20 FLUORIDE "t' 
21 ALUMINUM i'-Z 
22 BORON 7. L 

23 CHQOMIUM \•J( 
24 COPPER ·x 
25 IRON "Y. 
26 LEAD ·z 
27 MAGNESIUM MJ.' 
28 MANGANESE "'X 
29 MERCURY ·x 
30 NICKEL ·x 
31 SELENIUM ·.z ----
32 V~AOtUM ·.z 
33 ZINC ·x 
34 OIL & GREASE M;r 
35 PHE-OLS ·x 
36 SURFACTANTS Mx 
37 ALr.1c10ES Mx 
38 SODIUM M{ 
39 FREQUENC'I YC.' 

"'" 
--

--

Data Source: 

4702 

B c 

Tr:JI~ ~NT 
CLARIFI- ION 
CATICN EX CHA~ 
WASTES ""'STES 

i 

I= 
TVA Report 

D E F 

Cl-£MICAL WASTE CHARACTERIZATION 
PLANT DATA SHEET 

CAPACITY: 950 MW 
FUEL'-'-'"""'""----------
AGE OF PLANT:_1_9_6_7 ____ _ 

G H I J K L 

WASTE STREAM 

TABULATION BY:~""'---------­
DATE: 4-18-73 
SHEET NO . ....L_ OF _ _._ _______ _ 

M t·I 0 D Q R s 

BLOWDONN CLFAl"ING 

EVAPO- COOLING ctWENS CO.L PILE BOILER AIR PRE- BOILER ASH POND AJR YARO & SANITARY 
NUCLEAR 

BOlllR COOLING POUUTO FLOOR REACTOR 
RATC<! TOWER WATER DRAINAGE 11JJES HEATER FlRESlDE OVERFLOW 

IXVICES DRAINS WASTES CDl/TRDL 
·- --- -·=~- ----=~ ..:......: ~~=---=-= -=;--

IT.l l 

4c; 

416 

180 

23f; 

; 'lC 

1 "., 

111 
, 

' 

I 
le '>C 

I 

I 

11'11<; 

9 OF 

c; 17 

I 

! 

I 

-- -- -- -- -- ------ ------ -- -- -- -- --
-- -- -- -- -- -- -- -- --- -- --

R E M A R K s 
On "Review of Wastewater Furnace ·1ype J?U.L ver izea 

rnnt- -.-, 1 "'••-,tomo n fnr "" 1 1 D n i':t:o"m Number of Units 1 twin furnace 
01--~ Coal Consum2tion/Day 7560 Tn. --I: Boilers .:ire cleaneg every 2-3 years with a snl - n~•t_,-,,m Acht:J.o g, ?""' ,_ ut"nn ~nntainin~ '"'citric "~id f:, ""'' r:, "'""'n ,-.~al Aoho<: % 13.f;% 

-· dr:ained to the ash disposal area, L ,. 
A - ---Ll: 3.9 x 10 

-----
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Ct-£M(AL WASTE CHARACTERIZATION 
PLANT 06.lA SHEET 

PLANT CODE NO. 4901 CAOCITY: 188.6 MW,89000 MW Hr-~~l:ATION BY• _ __;s;;.;c:.....-_____ _ 
FUEL: Coal and Oil DATE: _____ ,:.5_-=-2-_7!..:3:.__ ____ _ 
AGE OF PLANT: SHEET NO. --1... OF_.=.l _______ _ 

A BI c ID IE l FIG IHI I I JI KIL IM IN I 0 J p, IQ I Rl s 
WASTE STREAM 

CLFANING 

'13 FltAL COLIFOllM ~ 
14 ACIJITY AS C..CO, ~ 
15~~ ".t 320 40 1400 
16 SIA.FATE ~ 14 218 420 
17 SIA.FITE "'X 
18 BllOlllOE ~ 
19 CHLORllE M.t 1n ., n .,., 

2Q FLUORIDE l"'5'{ 
21 ALUMINUM i"..t 
22 BORON r7. •' 

23 CkROMIUll i".!i:' 50 500 50 
24 COPPER "-' 
3? IRON ~ 
26 LEAD ·z 
27 MAGNESIUM MJ.-

28 M.AllC.ANESE "','t 
29 MERCURY ·;c 
3Q MCKEL ·~ 
31 SELENIUM ·.z ~ ~ 

32 YANAOILM "'J( 
33 ZINC ·x "'0 200 450 
34 OIL & GREASE "'7. 
35 PHE'«>LS "'7. 2 500 72 

36 SURfACTANTS jox 
37 AL(,f(10ES "'}( 
38 SODIUM ~ 
39 FREQllENO 

vt~ 

/YR 

__ , ________ _ 

R E M A R K s 
n ... ~:::i. ,...._~.-..-. ..... : ~---- nF ~--<- -- A-:::;:,'--~. --

-- ~0'71 T'\,,..L.. - ..!I ""··~- ')Q 

D: Boiler & Evanorator Blowdown. 

--
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CHEMICAL WASTE 1...HARACTERIZATION 
PLANT DATA SHEET 

PLANT CODE NO. 4902 CAPACITY:l72 MW, 645 MW Hr./Yr. TABULATION BY• __ s_c ________ _ 
FUEL:-~C~o~a~l~-~O~i~l~--G¥a=-<s __ _ DATE: ____ ---'5~-~2~-~7~3'---------
AGE OF PLANT:-------- SHEET NO._!___ OF_l ________ _ 

A B c D E F G H I J K L M ti 0 p Q R 5 

WASTE STREAM 

PARAMETER roll~ ~~NT BLOWDCM'N CLFAhllNG 

INTAKE CLARIFI- ION EVAPO- COOLING 
C(Nll'NS COAL PILE BOILER AIR PRE- BOILER ASH PONO 

AlR YARD & 
SANITARY 

NUCLEAR 
(A'fl(Jlj EX CHA~ BOILl:.R COOLING POLLUTKJI> FLOOR REACTOR 

WAfER 
WASTES .... STES RATOR TOWER WATER ORA.IN.AGE TUBES HEATER fJRESIDE OVERFLOW 

DEVICES ORAJN':l WASTES CONTROL 
--- -- -=-- --= ==· -'-- ,....;.-____.:;,_;_-- -

I FLOW M/ 108 109 109 DAY 

2 TEMPERATURE •c 

3 ALKALINITY 
~ AS C.CO 222 227 27 30 

4 BOD Mz 5 5 5 5 
5 MJ( 18 36 70 

I 
COD 12 

6 TS M.z 1220 925 3090 3835 

7 TOS Mz 1210 800 2965 3640 

8 TSS Mz 20 84 30 40 

9 AMMONIA AS N MJ( 1.0 0.25 0.3 0.25 
10 NITRATE AS N "Z 1. 2 1.30 7.0 7.0 

II 
PHOSPHORUS M,z 1.3 2.4 17.7 19.7 
AS P 

12 TURBIOITY JTU 

: 13 FECAL COLIFORM NW -14 AClOfTY AS (ACC. Mz 
15 'TOTAL HARDNESS ~x AS UCO 576 40 2052 1712 

16 SULFATE M.z 122 i 106 660 750 

17 Sl.Jlf"ITE M.z I 

18 BROMIDE "C I 
19 CHLORIDE. Mt 320 160 40 650 
20 FLUORIDE Mt 

21 ALUMINUM t.Z 
22 SORON Mz 

23 CHROMIUM :·.z 50 50 I 50 50 
24 COPPER 1'X ~ 

25 IRON "9:' 
26 LEAD 'Z 
27 MAGNESIUM M7 

28 MANGANESE x 
29 MERCURY ':C 
30 NICKEL '% 
31 5£LENIUM 'X ,...__ ---

'X 32 VANADIUM 

33 ZINC '.Z 50 100 150 150 - ~---

34 Oil ' GREASE M,{ 
35 PHE"OLS 'X 0.1 0.1 0.1 0.1 
36 SURFACTANTS Mx 
37 Al(>ICIDE5 Mx 
38 SODIUM "7c 
39 FREQUENCY \'(' 

""" 
-- I--- -- -- -- -- -- ---- ------ -- -- -- -- --

-- -- -- -- -- -- -- -- -- -- -- -- --

R E M A R K s 
Data Source: Corps of Engineers Discharge Permit 

Annlication 
Da+- 0

"' Jnne 28 1971 

0: Coolina Tower Blowdown #2 
D: Boiler and Evaporator Blowdown - Intake 

•T-. l 110~ .::lo.,,..O '7.A ........... 

----~-
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Cf-£MICAL WASTE CHARACTERIZATION 
aANT MIA SHEET 

PLANT C<DE NO. 4904 CAPACITY :-""25..._,MW""-------
FUEL: Oil 

TABULATION BY' --=s=c _______ _ 
OATE: ____ __:5~-~2~-~7~3 _____ _ 

AGE OF PLANT: _______ _ 
SHEET NO . ..!...__ OF.......;l~------

A B I c I D I E l F I G I H I I I J I K I L I M I "' I 0 I p I a I R 1 5 

WASTE STREAM 

PARAMETER 
w~ 

Cl>IOA ~~";- BLOWOO.VN CLFANING 
INTAKE CLARIFI· ION 

~- COOLING C!NJENS COO.L PILE BOILER AIR PAE- BOILER ASH POii! 
AA ·-. SANITARY MXLEAR CA10I EXCIWC.I BOILlR CC'IOLING POLWTIOI Fl.OOR REACTOA WllltR 

WASTES WlS'ltl; AATOA TOWER WATER ORAWAGE 1IA!ES HE"'ER f'lllESICE O\IERFLOW 
O£VIC£S DRAIN> WAST£S CONTAOl .. - - - -- ·-=~--~-I FLOW 1~( l.93 

2 TEMPEAAl\JRE •c 

3 Alk.Al.INITV 
AS'-~ "9[ 0 127 

4 BOO "Y. 0 5 
5 coo (lj~ 0 18 
6 TS "X 0 260 
7 TOS "t 0 250 
B TSS "7. 0 5 
9 _,...AS N ~ 0 0.15 
10 NITRATE AS N "7. 0 0.30 
II 1~ .,,, 

0 0.1 
12 T\MlalOITY JTU 

13 Fl[AL COl.lfllllM ~ 

14 ACIOITYASC..CO, 
.,,, 

15:~~ ~ 0 40 
16 SIA.FATE "7c 0 160 
17 SLUITE '£" 
18 BRQMIOE ~ 
19 CHlORllE "t 0 16 
20 FLUOAIOE ~ 
21 ALlJWNM t.Z 
22 SOllON ~7. 
23 c..-1U11 [•,t 0 50 I 

24 COPPER 1·,t 
25 IAON 

,.,,, 
26 LEAD ·z 
27 -SIUll ~7. 

28-SE ";( 
29 MERrulY ·;.: 
3Q NCXEL -~ 
31 SELENIUM •Jc 
32~ ·.z 
33 ZINC ·x 0 50 
34 OIL & GREASE 

~,,. 

35PIE:"°'-S "7. 0 D.001 

36 SUIFACTANTS ll<x 
37 ALrdCIOES ~ 
36 SODIUM ~ 
39 FREQUENCY r-,;;;; 

-- ------ ------ -- -- -- -- ---- -- ---- ---- --
-- -- -- -- -- -.- -- ---- -- -- ---- -- - ------ --

R E M A R K s 
Data Source: Corns of Enqineers Discp.~rqe Permit 

A~lication 
Dated June 28- 1971 

( 

A: Treat--" Intake Water 

.. --
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PLANT CODE NO. 

A 

PARAMETER 
INTAKE 
w.<rER 

I FLOW M/ (All DAV 

2 TEMPERATURE •c 

3 ALKALINITY ~ AS C.CO 

4 BOD M{' 
5 COD Mt 
6 TS M,z 78 

7 TDS Mt 73 

8 TSS M~ 5 

9 AMMONIA AS N "J(' 
10 NITRATE AS. N "7. 
II PHOSPHORUS Mt 

AS P 

12 1URBt0tTY JTU 1.8 

: 13 FECAL COLIFORM 
NQ/ -14 AC IOITY AS c .. caa Mz 

15 TOTAl HAROr\ESS ~t AS UCO 

16 SULFATE "'{ 9.4 

17 SULFITE "J( 
18 BROMIDE "L' 
19 CHLORIDE .MX 7 

20 FLUORIDE "9( 
21 ALUMINUM (J( 
22 BORON Mt 

23 ChROMIUM :·,z 
24 COPPER :·,z 10 

25 IRON 'Y. 340 
~-

26 LEAD ·z 
27 IMGNESIUM "3' 
28 MANGANESE •Jc 
29 MERCURY ·x 
30 NICKEL ·;r <:10 

31 SELENIUM ·x - ----
32 VAAADIUM ·x 
33 ZINC 'Jc .r20 - --
34 <>L & GREASE M~ 

35 PHE"IOLS ·x 
36 SURFACTANTS "Jc 
37 Alf•ICIDES "}( 
38 SODIUM "'Z 4.3 

39 FREQUENO 'It' 
/YR 

--
--

Data Source: 

5004 

B c D i:_: F 

O-£MK:AL WASTE CHARACTERIZATION 
PLANT MTA SHEET 

UPACITY: __,5'""'4,_,0'-"'MW=-------­
FUEL: __ ~N~u~c ..... l~e~a~r~-----­
AGE OF PLANT: 6 months 

G H I J K L 

WASTE STREAM 

TABULATION BY' ___ s_c _______ _ 
DATE•-----~5-~l~--7~3..___ ____ ~ 

SHEET NO. _l_ OF~*---------

M f·I 0 p Q R 5 

rrl~ ~~NT• BLOWDONN CLFAl-JING 
CLARIFI- ION EVAPO- COOLING ClJ«NS iCO'L PILE BOILER AIR PRE- BOILER ASH POMJ 

AIR YARD & SANITARY NUCLEAR 
CATO< EXCHANGE 606LlR COOLING POU.UTIOll fl.OOR REACTOR 
WASTES WASTES RAml TOWER WATER DRAINAC.E TlSES HEATER flRESIOE <MRFLOW 

DEVICES DRAIN:) WASTES CONTROL 
-- =-- ---= i=-=='-.:.....: ~"--- ...... 

34 I 2725_8 (Gl) "14 

4000 i 7 ? q i:; 2600 

I 

7.3 

I 

I 

I 

2000 3.4 4.5 11200 

104 3 

-- ---- ---- -- -- ------ ------ ---- -- -- --
-- - ------ -- -- -- -- -- -- -- -- ------ -- --

R E M A R K 5 
Final Environmental Statement -
U.S. Atomic Ene:cav Commission A.L: 2 • .L x .LU 
"~+-~,.:i .Tnl l q7? "1 • ? l y 10° 

A.L ternate Cooling System 

r: l""'~+-<~n ~n-' An'nn Ron J:>o~onor;it-<~n 

('\. M•··-..:1 n-..::i D,,,.,...,.... .~ · ......... -

-···--
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PLANT CODE NO. 

PARAMETER 

A 

INTMIE 
""ER 

CtEMK'AL Wl\STE CHARACTERIZATION 
PLANT Qb.TA SHEET 

5305 CAAOCITY: 1400 MW TABULATION BY 1 ....::::S:;:C _________ _ 
Fl.EL: Coal DATE: 5-4-73 
/Jl"£. OF PLANT: ______ _ SHEET NO . ...1..... OF_.._ _______ _ 

B [ C D EIFJGIH llJIK 
WASTE STREAM 

llLOWOONN CLFAl~ING =·· ,m::a BOll.lA !:'NO- tool.ING '=: ~ PILE ~ AIR PR:- BOILER 1A5H POMl ~TOI v::,: SANITARY ':f~: 
WASTES llll'51tS AAlllA TOWCR WATER DAUo1MiE TUll5 HEATER F'IRESICE OVERFID\¥ DEVICE!. ORAINo WAS TES CONTROL 

r--f=---;=:r:P.--+-==+=-==1===+-==-*"==4====*==l===t--~-~-~ . c.- ~----~.== --~ ~"'~ ._;;:,;~_: "l====i===j====t 

21.31 

8.68 

i 

! 

11nnn 

31 SELENIUM 'X 
~ .;,;,;,,,..., ~~~~~--+~-+-~-+-~~'~---1~-+~-+~-t~-+~--t~-t-~-t-~t-~t-~t-~t-~~~r-~ 
33 ZINC 'X 

3'.: PHP~Ol.S •J< 
36 SJJRfACT•NTS MJ( 

I 
37 AL'.·ICl0£S M,t 
38 SODIUM 'c 
39 •REQUENO f!;; 

____ , _________ --

R E M A R K s 
n;it:a "'-.. ~~~. n .. ~A ·~1 i -.o hu Uti_li_ty~ 

H· 11.---- ... -- --~..::-- ..:11 •• -~-- U<111 
_,_ , 0'7~ 

-···---

A2-83 



PLANT CODE NO. 5305 

A B c 

PARAMETER TJI~ ~~NT 
INTAKE 

CLARI Fl- ION 
CATO/ EXCHAt£E 

w.<rER WASTES WASTES 

I FLOW M/ 
DAY 

2 TEMPERATURE •c 

3 
ALKALINITY 

~ AS C.a.CO 

4 800 M{' 
5 coo "Z' 
6 TS M.z 
7 TOS Mz 
8 TSS M{ 
9 .AMMONIA AS N ~ 
10 NITRATE AS N MJ" 

i 

II PHOSPHORUS "Jr I 
AS P 

12 TUR8101TY JTU 

. 13 FECAL COLIFORM NW 
CXM 

14 ACIDITY AS C•CDs M;r 
15 lOTAL HARDNESS ~x AS C.CO 

16 SULFATE ".{ i 

17 SULFITE "X I 
18 BROMIDE ~ 
19 CHLORIDE ":t 
20 FLUORIDE "t 
21 ALUMINUM i"-Z 
22 BORON "Jc I 

23 CHROMIUM :·x 
24 COPPER "X 
25 IRON "J( 

-
26 LEAD ~~ 

27 MAGNESIUM "z 
28 MANGANESE ·x 
29 MERCURY "J( 
30 NICKEL "% 
31 SELENIUM ·x ---
32 VANADIUM 'X 
33 ZINC 't 
34 OIL & GREASE "5t 
35 PHE,OLS 'X 
36 SURFACTANTS "x 
37 AL(,ICIDES "Jc 
38 SODIUM ">: 
39 FREQUENCY 

Y(; 

""" 
-- =1---

i 

in trench. 

D E F 

CHEMICAL WASTE CHARACTERIZATION 
PLANT DATA SHEET 

CAPACITY' 1400 MW 

FUEL:__._'"""'-..._-------~ 

AGE OF PLANT:--------

G H I J K L 

WASTE STREAM 

TABULATION BY: ____ s_c ______ _ 
DATE: 5-4-73 
SHEET NO. _2_ OF_3 ________ _ 

M l·J 0 D Q R s 

BLOWDCM'N CLFAIJING 

EVAPO- COOLING CCWENS Pl<L PILE BOILER AIR PRE- BOILER ASH PONO 
AIR YARD 4 SANITAR'I' NUCLEAR 

BOILlR COOLING FOLLUTI()\ FLOOR REACTOR 
RATOR TOWER WATER DRAINAGE TL0ES HEATER FIRESIDE OVERFIDW oe:vrcES ORAN» 

WASTES CONTROL 
---- =-- ---=::......::::.: ___ .._: ;::..: _.:----=:....;.;., -- ·-

86.41 1 Q 1 8 8< 14 

6.13 4.3E 4 •• 2 6 

8.84 8.63 8. € 8.2 
I 

I 
, 

' 

I 

l 
qnn hnnn l?o;nn 7RO 

I 

I 

i 
I I 

I 

I 

-- -- -- ---- --- -- -- --- -- -- -- -- -- -- -- --
-- --- -- -- -- -- -- -- ---- -- -- --

REMARKS 
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CHEMICAL WASlE CHARACTERIZATION 

PLANT CODE NO. 5305 
PLANT PAV\ SHEET 

CAPACITY: 1400 MW TABULATION BY: _ __:S:.::C:..._ ______ _ 
FUEL: Coal DATE: 5-4-73 

AGE OF PLANT:-------- SHEET NO. _3 OF_..:::3 _______ _ 

A B I c I 0 E I F I G I H I I J I K l M l·I 0 I p a R s 
WASTE STREAM 

PARAMETER Tri'~ filFNT BLOWOONN CLl'Al"ING 
INTAKE CLARIF1· ION 

EVAPO- COOLING CCNJENS 00.L PILE BOILER BOILER ASH PONO AJR YARD .1 NUCLEAR 
CA~ EXCHAI«:£ BOILlR COOLING AIR PRE- POl.LUTIOfl FLOOR lSANITAR'f REACTOR WATER 
WASTES WASTES RATOR TOWER WATER ilRAINAG£ T\.6ES HEATER FlRESIOE OVERFLOW DEVICE$ DRAIN':) WAS TES CONTROL =-- - --·~~= .:___...: .:__;...:.... -~~ I FLOW M/ 

I ru.v 
- - ~--2 TEMPERATURE •c 

ALKAUNIT't' "Z -
20.! 

3 AS C..CO 14.3 4.6' 34. 
4 BOO "Y 
5 coo "t' 
6 TS "1' 
7 TOS "{ 
8 TSS "7. 
9 AMMOMAAS N "Z 
10 N1TRAl£ AS N "'Y ! 

II PHOSPHOllUS ·~ I 
AS p 'L 

12 TUR811)1TY JTU 2.77 08.8 1135 .f 3.06 
. 13 FECAL COLIRlQM NO./ 

""""' 14 ACDTY AS Col((\ "Z 110. 2E 9.46 9.66 9.9' 
15 :,1~~ ~x 
16 SULFATE "{ J 

17 Sl.l.flTE IN.z I I 
18 BROMIDE ~ ! I 
19 CHlORIOE "!' 
20 FLUORIDE "{' 
21 ALUMINUM :Jc 
22 "J( I 

BORON 
' I 

23 '""""'"" ·.z I 

24 CO'PER ·.z 
,'"Y 11nc;n Rqn nan ann '25 IOON 

r26 LEAD 1~z 

27 MAGNESIUM I"{ 
28 MANGANESE '5r ! 

' 29 MERCUllY 
'pG 

l ;c 
3Q IOCKEl '} i 

31 SELENIUM ·.z ----
".Z I 

32 VAHADILM 

33 ZINC 'Jc ! 

34 OIL & GREASE "Jc ' 
35 PHE"""-S ~x 

36 SURFACTANTS "x 
I 

37 ALC•ICl0£5 "x 
38 SODIUM ~ 
39 FREQUENCY :vc' ,,,,. 

:[- -- -- -~ ------ ------ ---- -- --
-- -- -- -- -- -- -- -- -- ---- ----
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sec. 
423.10 

423.11 
423.12 

423. 13 

423.14 
423. 15 
423.16 

PART 423----EFFLOENT LIMITATIONS GUIDELINES 
FOR EXISTING SOURCES AND STANDARDS OF 

PERFORMANCE AND PRETREA7MENT STANDARDS FOR 
NEw SOURCES FOR THE STEAM ELECTRIC 

POWER GENERATING CATEGORY 

Applicability; description of steam electric power 
generating category. 

Special definitions. 
Effluent limitations guidelines representing the degree of 

effluent reduction attainable by the application 
of the best practicable control technology 
currently avarlable. 

Effluent limitations guidelines representing the degree of 
effluent reduction attainable by the application 
of the best available technology economically 
achievable. 

Reserved 
Standards of performance for new sources. 
Pretreatment standards for new sources. 

423.10 Applica~ility; description of steam electric power 
generating category. 

The provisions cf this part are applicable to discharges resulting 
from the operation of an establishment primarily engaged in the 
generation of electricity for distribution and sale, which generation 
results primarily from a process utilizing fossil-type fuel (coal., oi)., 
gas), or nuclear fuel in conjunction with a thermal cycle -·employing the 
steam-water system as the thermodynamic medium. 

423. 11 Special definitions. 

For the purposes cf this Part: 
(a) The term "base-load unit" shall mean any unit except a 

generating unit that is cne or more of the following: 
(i) a generating unit which, according to the Federal Power 

commission Form 67 Steam Electric Plant Air and water Quality Control 
Data for the Year Ended December 31, 1973, had an average boiler 
capacity factor during the year of less than 60 percent, except in the 
case where the accuracy of the Form 67 data is questioned. 

In any case in which the average boiler capacity factor is not 
reported in Federal Pcwer Commission Form 67 for the year ended December 
31, 1973, or in which the accuracy of the Form 67 data is questioned, 
the average boiler ca~acity factor for that generating 1;lllit shall be 
determined according to the data recorded on the operating record book 
or log of that unit for the entire calendar year 1973. 
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(ii) a generating unit (1) for which the average boiler capacity 
factor is not reported in Federal Power Commission Form 67 for the year 
ended December 31, 1973, and operating records are not available for the 
entire calendar year 1973, (2) which has one or more of the design 
characteristics of non-base-load units, and (3) which can be 
demonstrated by the owner or operator not to ~ planned to be operated 
to generate more than 31,600,000c kilowatt-hours (gross) per megawatt of 
nameplate generating capacity during the six most productive calendar 
years, which need not be consecutive, of its useful service life 
including both past and future service. 

(iii) a large generating unit for which a retirement date on or 
before July 1, -1986, is committed or proi;:osed, as most recently reported 
to the Federal Power Commission by the appropriate reliability 
coordinating council, agreement, network, pool, or group as required 
annually pursuant to Federal Power Commission, Order No. 383-2, Docket 
No. R-362. / 

In the case in which said unit is in a system that is not a member 
of a reliability coordinating council, agreement, network, pool, or 
group, the retirement date for that generating unit shall be determined 
on the basis of evidence submitted by the owner or operator of that 
unit. 

(iv) a small generating unit for which a retirement date on or 
before July 1, 1989, or earlier is committed or proposed, as most 
recently reported to the Federal Power Commission by the appropriate 
reliability coordinating council, agreement, network, pool, or group as 
required annually pursuant to Federal Power Commission, Order No. 383-2, 
Docket No. R- 362. 

In the case in which said unit is in a system that is not a member 
of a reliability coordinating council, agreement, network, pool, or 
group, the retirement date for that generating unit shall be determined 
on the basis of evidence submitt~d by the owner or operator of that 
unit. 

(b) The term "cyclic unit" shall mean any unit except a generating 
unit that is one or mere of the following: 

(i) a base-load unit. 
(ii) a generating unit which, according to the Federal Power 

Commission Form 67 Steam-Electric Plant Air and Water Quality Control 
Data for the Year Ended December 31,_ 1973, has an average boiler 
capacity factor during the year of 20 percent or less, except in the 
case where the accuracy of the Form 67 data is questioned. 

In any case in which the average boiler capacity factor is not 
reported in Federal Pcwer Commission Form 67 for the year ended December 
31, 1973, or in which the accuracy of the Form 67 data is questioned, 
the average boiler ca~acity factor for that generating unit shall be 
determined according to the data recorded on the operating record book 
or log of that unit for the entire calendar year 1973. 

(iii) a generating unit (l) for which the average boiler 
capacity factor is not reported in Federal P°"'7er Commission Form 67 for 
the year ended Decerrber 31, 1973, and operating records are not 
available for the entire calendar year 1973, (2) which has one or more 
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of the design characteristics of non-base-load units, and (3) which can 
be demonstrated by the owner or operator not to be planned to be 
operated to generate more than 10,500,000 kilowatt-hours (gross) per 
megawatt of nameplat7 generating capacity during the six most productive 
c~en<;'iar y7ars, which need not be consecutive, of its useful service 
life 7ncluding both past and future service. 

(iv) a generating unit for which a retirement date on or before July 
1, 1989, is committed or proposed, as most recently reported to the 
Feder~l Power Commission by the appropriate reliability coordinating 
council, agreement, network, pool, or group as required annually 
pursuant to Federal Pcwer Commission order No. 383-2, Docket No. R-362. 

In the case in which said unit is in a system t'hat is not a member 
of a reliablility coordinating council, agreement, network, pool, or 
group, the retirement date for that generating unit shall be determined 
on the basis of evidence submitted by the owner or operator of that 
unit. 

(c) The term "peaking unit" shall mean any unit except a generating 
unit that is one or mere of the following: 

(i) a base-load unit or a cyclic unit. 
(ii) a generating unit for which a retirement date on or before July 

1, 1989, is committed or proposed, as most recently reported to the 
Federal Power Commission by the appropriate reliability coordinating 
council, agreement, network, pool, or group as required annually 
pursuant to Federal Pater Commission Order No. 383-2, Docket No. R-326. 

In the case in which said unit is in a system that is not a member 
of a reliability coordinating council, agreement, network, pool, or 
group, the retirement date for that generating unit shall be determined 
on the basis of evidence submitted by the owner or operator of that 
unit. 

(d) The term "large unit" shall mean a unit which is both ( 1) a 
part of a plant with a rated generating capacity of 25 megawatts or more 
and (2) a pa~ of an electric utility system with a generating capacity 
of 150 megawatts or more. 

(e) 'Ihe term "blowdown" shall mean the minimum discharge, of 
recirculating water for the purpose of discharging materials contained 
in the water, the further buildup, otherwise, of which would cause 
concentration in amounts exceeding limits established by best 
engineering practice. 

(f) The term "free available chlorine" shall mean the value 
obtained using the amperometric titration method for free available 
chlorine described in Standa£.9 ~tbQ.9§ ~ the ~ami!lS,t;iQll of Water fil)g 
wastewater 13th Edition, 1971, Method 144B, page 112. 

(g) ~e term "design characteristics of non-base-load units" 
mean the following, ~rovided that the unit is not coal-fired: 
reheat stage, (ii) fewer than five feedwater heaters, (iii) a 
throttle .pressure less than 137 atm. (2000 psig), and (iv) a steam 
throttle temperature less than 538°C (1000°F). 

(h) The term "sufficient land" shall mean 100 sq m (1100 sq ft) or 
more per megawatt of nameplate generating capacity. 

shall 
(i) no 
steam 
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(i) The term "intermediate-volume waste sources" shall 
blowdown from recirculating main condenser cooling water systems, 
water from nonrecirculating ash handling systems, and waste water 
nonrecirculating wet-scrubber air pollution control systems. 

mean 
waste 

from 

(j) The term "low-volume waste sources" shall mean, taken 
collectively as if from one source, waste water from boiler blowdown, 
ion exchange water treatment wastes, water treatment evaporator 
blowdown, boiler tube cleaning, boiler fireside cleaning, air preheater 
cleaning, laboratory and sampling streams, floor drainage, cooling tower 
basin cleaning wastes, blowdown from recirculating ash handling systems, 
blowdown from recirculating wet-scrubber air pollution control systems, 
stack cleaning, miscellaneous equifment cleaning, recirculating house 
service water systems, and other waste sources of comparable volume. 

(k) The term "small unit" shall mean a unit which is not large. 
(1) The term "daily avera9e 11 shall mean the average of daily values 

for thirty consecutive days. When waste water from the source in 
question is not discharged on a particular day during the thirty 
consecutive days, the daily value for that day shall not be included in 
the aver age. 

(m) The term "FLCW" shall mean the daily flow, 1, of waste water 
from the source (e.g. recirculating cooling water system. , low-volume 
waste sources, nonrecirculating ash sluicing system , nonrecirculating 
wet-scrubber air pollution control system) in question. 

(n) The term "recirculating system" shall mean a system from which 
there is no discharge of waste water other than blowdown. 

(o) The term "nonrecirculating system" shall mean a system that is 
not a recirculating system. 

e 423.12 Effluent limitations guidelines representing the degree of 
effluent reduction attainable by the application of the best 
practicable control technology currently available. 

In establishing the limitations set forth in this section, the 
Environmental Protection Agency took into account all information it was 
able to collect, develop and solicit with respect to factors (such as 
age and size of plant, utilization of facilities, raw materials, 
manufacturing processes, non-water quality environmental impacts, 
control and treatment technology available, energy requirements, costs) 
which can affect the industry subcategorization and effluent limitations 
established. It is, however, possible that data which would affect 
these limitations have not been available and, as a result, these 
limitations should be adjusted for certain plants in this industry. An 
individual discharger or other interested person may submit evidence to 
the Regional Administrator (or to the State, if the State has the 
authority to issue NPDES permits) that factors relating to the equipment 
or facilities involved, the process applied, or other such factors 
related to such discharger are fundamentally different from the factors 
considered in the establishment of the guidelines. On the basis of such 
evidence or other available information, the Regional Administrator (or 
the State) will make a written finding that such factors are or are not 
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fundamentally different for that facility compared to those specified in 
the Deve1o~ment Document. If such fundamentally different factors are 
found to exist, the Regional Administrator or the State shall establish 
for the di~charger effluent limitations in the NPDES permit either more 
o~ less stringent than the limitations established herein, to the extent 
dictated by such fundamentally different factors. such limitations must 
be appr?"7d by the Administrator of the Environmental Protection Agency. 
The Administrator may approve or disafprove such limitations, specify 
other limitations, or initiate proceedings to revise these regulations. 

The following limitations constitute the quantity or quality of 
poll~tan~s or pollutant properties which may be discharged after 
application of the best practicable control technology currently 
available by a point source subject to the provisions of this Part: 

(a) (1) There shall be no discharge of heat from a large base-load 
unit for which construction is completed on or after July 1, 1977, 
except that heat may be discharged in blowdown from recirculating 
cooling water systems provided that the temperature at which the 
blowdown is discharged does not exceed at any time the lowest 
temperature of the recirculating cooling water prior to the addition of 
make-up water. 

(2) The limitation in subparagraph (a) (1) shall not apply where the 
owner or operator of a unit otherwise subject to it can demonstrate: 

(A) that sufficient land for mechanical draft evaporative cooling 
towers is not available on the premises or on adjoining property under 
the ownership or control of the owner or operator, as of the date on 
which these regulations were proposed, with some amount of land use 
reassignment and no ether available alternative evaporative cooling 
system is practicable, or 

(B) that total dissolved solids concentrations in available intake 
cooling water exceed 30,000 mg/l, and land not owned or controlled by 
the owner or operator is located within 150 m (500 ft) dCM"nwind 
(prevailing) of all practicable locations for mechanical draft cooling 
towers and no other alternative evaporative cooling system is 
practicable. 

(3) The limitations in subparagraph (a) (1) shall not apply to 
discharges from ncnrecirculating house service water systems in 
nuclear-fueled generating units, and to waste water discharges from 
low-volume waste sources or intermediate volume waste sources other than 
blowdCM"n from recirculating cooling water systems. 

(b) There shall be no discharge of pollutants from clarification 
water treatment and softening water treatment. 

(c) concentrations of free available chlorine in waste water 
discharged from nonrecirculating and recirculating cooling water systems 
shall not exceed average concentrations of 0.2 mg/l and maximum 
concentrations of 0.5 mg/lat the outlet corresponding to an individual 
unit during a maximum of one 2-hour period a day~ No discharge of total 
residual chlorine is otherwise allowed. No discharge of total residual 
chlorine is allowed from one unit while another unit at the same plant 
is being chlorinated. When it can be demonstrated by the owner or 
operator that higher levels of free available chlorine or more-lengthy 

A3-5 



total periods of application are required to maintain a reasonable level 
of condenser tube cleanliness for nonrecirculating cooling water 
systems, discharges of amounts of free available chlorine in excess of 
the above limitations which are necessary to maintain such level of 
condenser tube cleanliness may be permitted. 

(d) There shall be no discharge of polychlorinated biphenyl 
transformer fluid. 

(e) Total iron and total copper in waste water from low-volume waste 
sources shall not exceed daily average amounts, mg, of 1 mg/l total 
copper x FLOW and 1 mg/l total iron x FLOW. 

(f) (1) Total suspended solids in waste water from low-volume 
waste sources shall not exceed daily average amounts, mg, of 15 mg/l x 
FLOW or a maximum amount, mg, for any one day of 100 mg/l x FLOW. 

(2) Total suspended solids in waste water from recirculating 
cooling water systems shall not exceed daily averag~ amounts, mg, of 15 
mg/l x FLOW or a maxirrum amount, mg, for any one day of 100 mg/l x FLOW. 

(3) Total suspended solids in waste water from nonrecirculating ash 
sluicing systems and frcm nonrecirculating wet-scrubber air pollution 
control systems shall not exceed daily average amounts, mg, of 15 mg/l x 
FLOW or a maximum amount, mg, for any one day of 100 mg/l x FLOW, except 
that amounts, mg, in excess of the above limitations are allowed only to 
the extent that the amount, mg, of total suspended solids in waste water 
from nonrecirculating ash sluicing systems and from nonrecirculating 
wet-scrubber air pollution control systems does not exceed the amount, 
mg, of total suspended solids brought into the plant, over the same time 
span, for use in conjunction with the nonreciruclating ash sluicing 
system or the nonrecirculating wet-scrubber air pollution control 
system, respectively. 

(4) Total suspended solids in waste water run-off from rainfall 
run-off sources, taken collectively as if from one source, including 
coal pile drainage, yard and roof drainage, and run-off from 
construction activities shall not exceed average concentrations of 15 
mg/l during the time span of each run-off event or a maximum 
concentration of 100 mg/l at any time. 

(g) The pH value of all streams discharged, with the exception of 
nonrecirculating cooling water, shall be in the range of 6.0 to 9.0 at 
all times. 

(h) Waste waters discharged from the sanitary system shall meet 
applicable standards for publicly-owned treatment works specified in 40 
CFR Part 133. 

(i) No debris from the intake means shall be discharged. 
(j) There is no effluent limitation on waste waters from the 

radiological waste system presented in this regulation. 
(k) (1) Oil and grease in waste water from low-volume waste 

sources shall not exceed daily average amounts, mg, of 10 mg/l x FLOW, 
or a maximum concentration of 20 mg/l at any time. 

(2) Oil and grease in waste water from recirculating cooling water 
systems shall not exceed daily average amounts, mg, of 10 mg/l x FLOW. 

(3) Oil and grease in waste water from rainfall run-off sources, 
taken collectively as if from one source, shall not exceed daily average 
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conce~trations of 10 mg/l during the time span of each run-off event or 
a maximum ~oncentration of 20 mg/l at any time • 

. (~) Oil and grease in waste waters from nonrecirculating ash 
sluicing systems and from nonrecirculating wet-scrubber air pollution 
control system shall not exceed daily average amounts mg of 10 mg/l x 
FLOW. ' ' 

(1) Where waste waters from one source with effluent limitations 
for a particular pollutant are combined with other waste waters (such as 
the combination of waste water from low-volume sources with 
nonrecirculating cooling water), the effluent limitation, mg (or mg/l), 
for the particular pollutant, excluding pH, for the combined stream 
shall be the sum of the effluent limitations (for concentration limits 
apply appropriate dilution factors) for each of the streams which 
contribute to the combined stream, except that the actual amount, mg (or 
mg/l), of the pollutant in a contributing stream will be used in place 
of the effluent limitation for those contributing streams where the 
actual amount, mg (or mg/l), of the pollutant is less than the effluent 
limitation, mg (or mg/l), for the contributing stream. 

e 423.13 Effluent limitation guidelines representing the degree of 
effluent reduction attainable by the application of the best 
available technology economically achievable. 

The following limitations constitute the quantity or quality of 
pollutants or pollutant properties which may be discharged after 
application of the best available technology economically achievable by 
a point source subject to the provisions of this Part: 

(a) (1) There shall be no discharge of heat, except that heat may 
be discharged in blowdown from the recirculating condenser cooling water 
system provided that the temperature at which the ble>Wdown is discharged 
does not exceed at any time the lowest temperature of the recirculating 
cooling water prior to the addition of make-up water. 

(2) The limitaticn set forth in s~bparagraph (a) (1) shall be 
achieved as follows: 

(i) No later than July 1, 1978, by 
operation or on which construction is 
with a nameplate generating capacity of 

base-load units presently in 
completed prior to July 1, 1977, 
500 megawatts or greater. 
base-load units presently in 

completed prior to July 1, 1977, 
less than 500 megawatts, but 

(ii) No later than July 1, 1979, by 
operation or on which construction is 
with a nameplate generating capacity of 
greater than 299 mega~tts. 

(iii) No later than July 1, 1980, by all other large base-load 
units. 

(iv) No later than July 1, 1983, by all other units, including 
cyclic units, peaking units and small base-load units. 

(3) The limitation set forth in subparagraph (a) (1) shall not apply 
to units as to which the owner or operator can demonstrate that (l) 
sufficient land for mechanical draft evaporative cooling towe~s is not 
available on the premises, with a reasonably significant amount of land 
use reassignment or on adjoining properties, whether or not owned or 
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controlled by the owner or operator. and · (2) none of the available 
alternative evaporative cooling systems is practicable. 

(4) The limitations set forth in subparagraph (a) (1) shall not 
apply to discharges frorr nonrecirculating house service water systems in 
nuclear-fueled units. 

(b) The effluent limitations set forth in sections 423.12 (c) • 
(f) (2) • (g) • (h) • (i) • (k) (2) • and (k) (3) shall apply to discharges of 
pollutants from recirculating and nonrecirculating cooling water. and 
sanitary wastes. except that no discharge is allowed of total residual 
chlorine from recirculating cooling water systems and that total 
chromium. total phosphorus (as P). and total zinc in waste water from 
recirculating cooling water systems shall not exceed daily average 
amounts, mg. of 0.2 mg/l total chromium x FLOW, total phosphorus (as P) 
of 5 mg/l x FLOW, and 1 mg/l of total zinc x FLOW. 

(c) (1) There shall be no discharge of waste water from run-off 
waste sources, taken collectively as if from one source. unless the 
first 15 minutes of rainfall run-off are segregated from the remainder 
during any rainfall event. 

. (2) Total suspended solids and oil and grease in waste waters from 
the first 15 minutes of rainfall run-off from any rainfall event, taken 
collectively as if from one source, shall not exceed average 
concentrations of 15 mg/l and 10 mg/l. respectively, and maximum 
concentrations of 100 mg/l and 20 mg/l, respectively. 

(3) Total suspended solids and oil and grease in waste waters from 
all but the first 15 minutes of rainfall run-off from any rainfall 
event, taken collectively as if from one source, shall not exceed 
average concentrations of 15 mg/l and 10 mg/l, respectively, and maximum 
concentrations of 100 mg/l and 20 mg/l, respectively. 

(d) There shall be no discharge of pollutants other than from those 
waste sources controlled by paragraphs (a), (b) and (c) of this section. 

(e) There is no effluent limitation on waste waters from the 
radiological waste system presented in this regulation. 

(f) Where waste waters from one source, with effluent limitations 
for a particular pollutant, are combined with other waste waters (such 
as the combination of waste water from low-volume waste sources with 
nonrecirculating cooling water), the effluent limitation, mg (or mg/l), 
for the particular pollutant, excluding pH, for the combined stream 
shall be the sum of the effluent limit~tions (for concentration limtis 
apply appropriate dilution factors) for each of the streams which 
contribute to the combined stream except that the actual amount, mg (or 
mg/l), of the pollutant in a contributing stream will be used in place 
of the effluent lirr.itation for those contributing streams where the 
actual amount, mg (or mg/l), of the pollutant is less than the effluent 
limitation. mg (or mg/l), for the contributing stream. 

423. 14 Reserved. 
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423 .15 Standards of performance for new sources. 

The following limitations constitute the 
pollutants or pollutant properties which 
appl~c~tion of standards of performance by a 
provisions of this Part: 

quantity or quality of 
may be discharged after 

new source subject to the 

(a) There shall be no discharge of heat by any new sources, except 
that heat may.be discharged in blowdown from recirculating cooling water 
sy~tems provided that the temperature at which the blowdown is dis­
cha7ged d°7s not exceed at any time the lowest temperature of the 
recirculating cooling water prior to the addition of make-up water. 

(b) The effluent limitations set forth in section 423.12(b) through 
(k) shall apply to discharges of pollutants other than heat, except as 
provided in paragraph 423.15(c). 

(c) 'lbere shall be no discharge of: 
(i) corrosion inhibitors in blowdown from recirculating cooling 

water systems; . 
(ii) total residual chlorine, or other chemical additives used for 

biological control in main condenser tubes from nonrecirculating cooling 
water systems; 

(iii) pollutants from systems providing sluicing of bottom ash 
from the combustion of oil or fly ash from the combustion of any fuel; 
or 

(iv) pollutants from nonrecirculating ash sluicing systems. 
(d) Where waste waters from one source with effluent limitations 

for a particular pollutant are combined with other waste waters (such as 
the combination of waste water from low-volume waste sources with 
nonrecirculating cooling water), the effluent limitation, mg (or mg/l), 
for the particular pollutant, excluding pH, for the combined stream 
shall be the sum of the effluent limitations (for concentration limits 
apply appropriate dilution factors) for each of the streams which 
contribute to the combined stream except that the actual amount, mg (or 
mg/l), of the pollutant in a contributing stream will be used in place 
of the effluent limitation for those contributing streams where the 
actual amount, mg (or mg/l), of tne pollutant is less than the effluent 
limitation, mg (or mg/l), for the contributing stream. 

e 423.16 Pretreatment standards for new sources. 

The pretreatment standards under section 307(c) of the Act, for a 
source within the steam electric power generating category which is ari 
industrial user of publicly owned treatment works, (and which would be a 
new source subject to section 306 of the Act, if it were to discharge 
pollutants to navigable waters), shall be the standard set forth in Part 
128 40 CFR, except that for the purposes of this section, 128.133 40 
CFR

1 
shall be amended to read as follows: "In addition to the 

prohibitions set forth in 128.131 .of this ~itle, the Pfetreatment 
standards for incompatible pollutants introduced into a publicly owned 
treatment works by a major contributing industry shall be the standard 
of performance for new sources specified in 423. 15, 40 <?FR, P.a:t 423, 
provided that, if the publicly owned treat~ent works which receive~ ~he 
pollutants is committed, in its NPDES permit, to remove a specified 
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percentage of any incompatible pollutant, 
applicable to users of such treatment works 
reduced for that pollutant." 
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